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PREFACE. 



The presenii volume completes the work, the first volume 
of which was issued more than four years ago. In 
apology to my readers for this delay I can only plead the 
pressure of other work, and the desire not to place before 
them a hastily written treatise. 

The doctrine of Induction here set forth is in sub- 
stantial agreement with that developed by Dr. Bosanquet 
in his most philosophical book on Logic, To Dr. 
Bosanquet I owe a deep debt of gratitude for his kindness 
in giving me permission to make full use of his labours — 
a permission of which it will be seen I have freely availed 
myself. In this portion of my work I also owe much to 
the works of Mr. Bradley, Sigwart, Lotze, Jevons and 
Whewell. 

In the treatment of Fallacies I would express my 
indebtedness to my friend, Professor Mackenzie, for his 
valuable help in the matter of classification. In this part 
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of my work I have ventured to quote largely from the 
chapter on Fallacies in De Morgan's Formal Logic, a 
book which has long been out of print and is not likely 
to be reissued. It seemed to me desirable that much that 
is acute and valuable in his treatment of this subject 
should be accessible to my readers. To the discussion of 
Fallacies in Dr. Davis's Theory of Thought and in Mill's 
Logic I am also indebted for help and suggestions. 

In the book on Method it will be seen that I have 
generally followed the treatment of the Port Boyalists. 

J. W. 

Leeds, 
January t 1896. 
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BOOK V. 



INDUCTION. 



CHAPTER I 

POSTULATES OP INDUCTION. ^^^ y 

141. Reality. ob. r. ' 

In Induction the material side of inference is predominant, induction is 
It is the doctrine of those valid processes of thought by which tSJ^S?*^ 
knowledge of what holds universally in reality is attained, cipieof Suf- 

.?..-., "* ., - 1 ficient Rea- 

A consideration of those processes may, therefore, be con- son applied 
veniently prefaced by an enquiry into the presuppositions *** ideality* 
which are involved in the very idea of the possibility of such 
knowledge. We have as such a postulate the formal Prin- 
ciple of Sufficient Reason (see § 20 *), and our task is now to 
show how our concept of reality harmonizes with, and gives 
content to, this formal postulate. 

(L) Empiricist View. 

It is the fundamental doctrine of the empiricist school of Empiricism 
philosophy that all knowledge is derived from experience, Re^tyto 
and by * experience ' is meant mere succession of sensuous sensations, 
impressions. Thus, nothing can be in consciousness except 
sensations, and the reality of the universe reduces itself to 
a possibility of receiving such sensations. But a mere 
empty possibility is nothing, and, therefore, the empiricist 
position denies objective reality altogether ; the only reality 

1.0G. II, ^ First Edition, % 25. \ 
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2 INDUCTION. 

Book V. for it is the series of sensations in an individual oonscions- 

^•^ - ness. And with objective reality goes, of coarse, objective 

and this or universal knowledge [cf. §§ 143 (ii.) (a) ; 145 (v.)]. A 

^OT^iedK© doctrine oE induction cannot, therefore, be consistently 

impossime. based on empiricism. 

(11.) Thought and Reality. 
Experience Yet it is undoubtedly true that we cannot get behind 
isuit^te. experience, that in experience we find our ultimate dcUum; 
in other words, that in experience alone we are brought 
into contact with reality. But when we say this, we are 
using * experience * in a sense different from that of the 
empiricist. Experience is not simply what is feU, it is 
what is thought. Thus, experience is not a mere series 
of sensations but it is the totality of those impressions 
organized and systematized by the constitutive activity of 
mind. Phenomepa are not mere transitory units in a series 
of ever perishing momentary sensuous impressions, but are 
There is no elements of the real seen in relation to other elements. In 
^fJe^**" brief, experience is concrete—t.e. real— thinking. There is 
Tfaoi^t thus no true opposition between thought and reality. 
^' There is not a world of minds on the one hand and a world 
of things on the other> requiring to be brought into relation 
with each other ; but mind and object are in their essence, 
correlative. Mind conceived as a mere empty process of 
thinking is nothing ; thought is thought only so far as it has 
content. And on the other hand existence out of all relation 
to some consciousness is also nothing ; the real is real only as 
thought. As Green says : " The reality of things is their 
" determination by each other as constituents of one order, 
" a determination which only exists for thought. It is not 
" that there is first the reality of things, and then a theory 
" about it. The reality is a theory ^ (Philosophical Works, 
vol. ii., p. 269). The antithesis between fact and idea, theory, 
or law, is an aspect of that between thought and things, and 
is thus seen not to be absolute. *' The true opposition is not 
" between thought and fact, but between thought and mere 
"feelings, which, except as related to each other through 
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POSTULATES OP INDUCTION. 8 

"relation to thought, are not facts at all" (Green, Book V, 
ibid., pp. 285-6). A "fact," i,e, an 'association of pheno- ^^ ^ 
mena or appearances' (Herschel, Nat. Phil.y § 109), con- 
sidered by itself is indeed no fact, for it has no natore ; 
it exists only in varions relations to other facts, and 
these relations only exist for thought, they are not open to 
sensuous observation. But the formulation of these relations 
is just what we mean by an *idea' or 'theory* which 
embraces the fact [c/. § 145 (vL)]. Now, every such relation AUreution 
is universal ; i.e, it is applicable not to this one fact because 
of its individuality, but to this one fact as a type or example 
of a class of facts. Hence, whilst in sensuous impression we 
have facts presented in their particular aspect, in thought 
we grasp their universal aspect as examples of the operation 
of natural law ; and experience, which includes both impres- 
sion and thought, is thus seen to unite the universal and the 
particular. The antithesis between these therefore, is not 
absolute ; it is but another aspect of the antithesis between 
thought and things. 

(iii) Individual Experience. 

Universal Experience includes all reality, but each indi- Bach indi- 
vidual has only his own particular experience, and, therefore, Shinto 
can only be said to come, in his experience, into contact with 2^i?°*i^i*i^ 
reality. " The real world," says Dr. Bosanquet, " is primarily own expert- 
** and emphatically my world. I take it to be real in virtue of ^^^' 
" its contact with me " {Logic^ vol. i., p. 82). And in indi- 
vidual experience reality is first known as that which con- 
strains us to accept it as it is ; that is real which, being 
presented to the senses, cannot but be perceived and that in 
a certain definite way determined /or us, and not hy us, which 
is what it is quite independently of our desires. And this 
involves that its character can be distinguished from, and 
compared with, that of other impressions. But such a reality Aiisensaoaa 
is present here and now. We have then from the first the S^Seter"** 
three categories which determine all experience as felt, ».«. as J^jity*^ 
sensuous — the categories of quality, space, and time. And time, and 
even in this momentary experience we have more than mere *^**^ 

1—2 
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4 INDUCTION. 

Book V. reception of sensnons impressions. For those impressions are 

^•^ - synthesized by the mind into percepts of things, i.e. they are 

connected together in fixed and definite ways. Mnch of this 

we find ready done for ns, and the results embodied in the 

common speech which we inherit. But experience is not 

Continued merely momentary. The objects which are present to our 

ifthou^ perception now have been perceived more or less frequently 

fOTmlo?*^ r. ^^ ^^^ P****' ^^^ memory enables us to recognize them. Thus 

Biatence the categories get a fuller meaning. For our intellectual 

c£nge8,and synthesis interprets these recurrent impressions in agreement 

^terreia- ^jth the law of Identity (see § 17^), and so we reach the idea 

of persistent things with persistent and determinate qualities. 

But there is not mere persistence, not mere formal and 

barren identity. Time involves change. Thus our idea of 

things includes both persistence and change, the change 

being that of the persisting substance. And this gives 

content to the mere formal identity ; for real identity is only 

known amidst diversity. And, more important still, these 

|)ersisting and yet changing things are not known in isolation ; 

if they were we could not thoroughly systematize our 

experience. They are together in one space, and occupy 

various relations to each other. Change in an object implies 

change in its relations to other objects. We need, then, the 

idea of mutual interrelation and interaction to bring order 

into our experience. So the change in the persisting object 

is fully understood only when it is regarded as a change in 

its relation to other objects. And this brings ns again to the 

universal, for it finds the very essence and meaning of things 

in their relations to other things, and all relations, as we 

Experience have already said, are universal. Thus, the very nature of 

comes experience as known, and not as merely felt, involves that 

wh *ntii *^® world so far as known must be conceived as a systematic 

world ia totality, with a thorough-going interrelation of parts. This 

T^Sen^^ conception is, doubtless, present with very varying degrees of 

clearness and fulness in different minds, but it cannot be 

altogether absent from even the rudest and most uncultivated 

mind, for without it experience itself would be meaningless, 

t>. all knowledge would be impossible. Moreover, it follows 

1 First Edition, § 22. 
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that no individaal's experience can be fully understood Book V. 
except as it is related to what is outside that experience, for ^^J[* 
thorough understanding of any part of reality is only possible 
when that part is known in its relations to the whole, and 
no one person's experience embraces the whole of reality. 

142. Unity of Nature. 

The above considerations have brought us to the f unda- The Untty 
mental idea which underlies our concept of reality, and the funda- 
therefore all our attempts to attain knowledge— the idea that JJJjJ^^,/^* 
nature is a unity. By this we do not, of course, mean that knowledge, 
the universe is an unchanging identity, but that it is a system 
which remains identical with itself amidst the unceasing 
changes of relations between its parts, and which, by its own 
nature, necessitates and determines those changes. But 
every relation, and, consequently, every change of relation is 
a universal ; in other words, it holds true everywhere and Unity im- 
always, of all identical facts. Hence the idea of Unity of Formity! 
Nature implies that of Uniformity. 

(i) Origin of Principle. 

Uniformity is thus seen to be a form without which Uniformity 
intelligible experience would be impossible. It cannot, aS?^ 
therefore, be derived from mere repeated sensuous experi- ^^J®*^^' 
ence, as Mill and other empiricist writers hold. Such a 
derivation would be possible only if observation gave us 
nothing but instances of uniformity. But as Mill himself 
sajrs : " Every person's consciousness assures him that he 
" does not always expect uniformity in the course of events 
"... The course of nature, in truth, is not only uniform, it 
"is also infinitely various. Some phenomena are always 
" seen to recur in the very same combinations in which we 
" met with them at first ; others seem altogether capricious ; 
" while some, which we had been accustomed to regard as 
"bound down exclusively to a particular set of combina* 
"tions, we unexpectedly find detached from some of the 
"elements with which we had hitherto found them con- 
" joined, and united to others of quite a contrary description " 
{Logic, Bk. III., ch. iii., § 2). But as Nature is thus at once 
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Book V. both uniform and multiform in the sequences of phenomena 
^^' which she presents to man's observation, it seems obvious 
that the idea that the multiformity is after all only apparent, 
and that if we examine deeper we shall after all find uni- 
formity, cannot have been derived simply from observation 
in the sense of mere sensuous experience. Moreover, even 
were it otherwise, subjective expectation is not, and cannot 
give, objective knowledge, and thus can form no basis for 
"ivedto all ^'^^"^^i^® reasoning. It is only experience as thought, and 
understand- not as merely felt, which is knowledge, and experience can 
ri^ce.^*^ only be thought under that very concept of uniformity which 
it is attempted to derive from it. The foundation of the 
error is that false antithesis between thought and reality to 
which we have already alluded. Mill tells us that, not only 
here but in all other cases of induction, we get the general 
idea by abstraction from the facts. But if by facts he 
means mere observation of the facts, i.e, experience as felt — 
and this meaning is most consistent with his general position 
— then it would be much more correct to say with Whewell, 
that we impose the conception on the facts. And if by facts 
we understand the elements of experience as thought, then 
it is plain that if we abstract the idea of uniformity from 
them, that idea must have been already present in them, for 
™8 deriva- ^e cannot abstract what is not there. Again, this derivation of 
principle of " the fundamental principle, or general axiom, of Induction " 
fevSfdates ^rom "facts observed" (Mill, ibid., § 1) renders the whole 
the whole process of induction nugatory as a means of attaining know- 
ledge, for it bases all rigid scientific inductions upon a simple 
generalization from unanalysed instances— an induction by 
simple enumeration, which Mill himself condemns as a means 
of attaining knowledge. Moreover, it is a very faulty example 
even of that process, for Mill himself defines such induction 
as " generalization of an observed fact from the mere absence 
**of any known instance to the contrary" (III., xxi., § 2), 
and he grants, as we have seen, that nature is far from 
exhibiting to observation any such uncontradicted unf ormity 
Isee § 145 (v.)]. Nor is it easy to reconcile this empirical 
derivation of the principle of uniformity with the last 
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clause in Mill's statement that " The aniyerse, so far as Book V. 
" known to us, is so constituted, that whateyer is true in any ^- ^ 
" one case, is true in all oases of a certain description ; the 
"only difficulty is to find what description" (III, iil, § 1). 
This, of course, is true. The chaos which nature seems to 
present on the first observation really vanishes upon deeper ' 
investigation. "But," as Green says, "it is just this 
" * interrogation ' that has to be accounted for : it is only 
" upon the supposition of uniformity that we make the 
** interrogation. How can this be, if the supposition is only 
"derived from the observation of uniformity, an observation 
" which presupposes the interrogation ?' (Phil, Works, vol. ii., 
p. 283). 

It is evident, then, that the principle of uniformity is not ^e prfn- 
derived from experience in the sense of observation of facts, formity is* 
Nor is it an innate principle, bom ready-made with every ■*°* i»"»ate. 
man. This Mill has no difficulty in establishing. He points 
out, what is indeed obvious, that : '* As a general maxim . , . 
" it has scarcely entered into the minds of any but philosophers; 
" nor even by them . . . have its extent and limits been always 
" very justly conceived" (ibid., Bk. III., ch. iii., § 1). But this 
fact is equally fatal to Mill's own position that the principle 
is derived from observation. As Sigwart says : *' If we had 
" needed merely to open our eyes in order to see 'uniformity 
" in the course of Nature * everywhere before us, belief in the 
" thorough-going constancy of the way in which causes act 
" would not have been so slow to arise nor have been still only 
" a scientific and not a popular belief ; nor would the tendency 
" to make capricious powers, demons and gods, responsible for 
" what happens in the universe have been so deeply rooted " 
(Logic^ Eng. Trans., vol. ii., p. 111). It is, indeed, but an it is a deve- 
extension of that reduction of each individuates experience to the'reduc- 
a Bjmthetic unity which we have seen to be implied in ^^^^duS'ex?^ 
simplest act of knowledge, and which is necessitated by the perience to 
very fact that such experience is that of an individual subject. • ^^^ y* 
Thus, as Green says, " The conception on our part of nature 
" as a system, of which every part or process is determined 
** by relation to all the rest, is merely a development of this 
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" original determination of our feelings by relation to one 
" thinking subject ; and the reality of nature as a system 
" consists in the relatiqn of its multiplicity to one thinking 
** subject, which distinguishes itself from it, but determines 
" it, makes it what it is, by this distinction of itself from it *' 
(ibid,, p. 284). 

(ii.). Meaning of Principla 

It has been proposed that, as nature exhibits to our ob- 
servation multiformity as well as uniformity, it would be 
better to speak of the "uniformities" — ^rather than the 
" uniformity "—of Nature {of. Mill : Logic, Bk. III., ch. iv., § 1 ; 
Minto : Logic, pp. 277-9). Such uniformities— or Laws of 
Nature — we undoubtedly seek to find ; but to adopt a prin- 
ciple of uniformities, as the basis of our conception of nature, 
is to reduce the uniyerse to a chaos. It is not in separate 
and independent sequences, that we can find that form of 
unity under which alone reality is thinkable ; but only in a 
system within which they are all interrelated. The variety 
which appears to observation is just as much a part of the 
total system of the universe as are the instances of uni- 
formity, and is equally necessary. Moreover * uniformity' 
itself is not to be taken to mean * resemblance.' It is in 
identity alone, not in mere resemblance, that we can find a 
firm basis of inference. By * the uniformity of nature,' then, 
we do not mean, as Mill puts it, " that the unknown will be 
*' similar to the known, that the future will resemble the 
*< past " {ibid., Bk. III., ch. iii., § 2). Such a general assump- 
tion that the future will resemble the past we have no right 
to make, and there is no necessity to make it. "The future," 
says Green, " might be exceedingly unlike the past (in the 
*^ ordinary sense of the words) without any violation of the 
" principle of inductive reasoning, rightly understood. If 
'*the * likeness' means that the experiences of sensitive 
" beings in the futuore will be like what they have been in 
" the past, there is reason to think otherwise. Present ex- 
« perience of this sort is very different from what it was in 
^' the time of the ichthyosaurus. If it means that different 
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^< experieoces of the future will be part of one system with Book V. 
" the present, the result of conditions that now are, it is ^•' * 
" true ; but to such a system and conditions the distinction 
" of past and future does not apply ; they are eternal. On 
" the other hand, of that to which the distinction of past and 
" future does apply, resemblance cannot be truly predicated ** 
{op. cit, pp. 282-3). The other half of the assumption — that 
" the unknown will be similar to the known " — also gives us 
no basis for inference. From mere likeness of isolated 
phenomena we can draw no safe conclusions at any time ; 
but only from identity of conditions. These considera- 
tions lead us to prefer to speak of the * Unity' rather 
than the 'Uniformity' of Nature, as the postulate of 
induction. 

(iii.) Scope of Principle. 

The importance of this fundamental principle to the ^ ^^^'^nP' 
organization of knowledge is well expressed by Mach. He Unii^of Na- 
says: "In the infinite variety of nature many ordinary events iSntii to 
" occur ; while others appear uncommon, perplexing, astonish- understand- 
"ing, or even contradictory to the ordinary run of things, world. 
'* As long as this is the case we do not possess a well-settled 
" and unitary conception of nature. Thence is imposed the 
** task of everywhere seeking out in the natural phenomena 
^' those elements that are the same, and that amid all multi- 
" plicity are ever present. By this means, on the one hand, 
*' the most economical and briefest description and communi- 
*' cation are rendered possible; and on the other, when once a 
" person has acquired the skill of recognizing these permanent 
"elements throughout the greatest range and variety of 
" phenomena, of seeing them in the same, this ability leads 
*• to a comprehensive, compact, consistent, and facile conception 
" of the facts. When once we have reached the point where 
"we are everywhere able to detect the same few simple 
"elements, combining in the ordinary manner, then they 
" appear to us as things that are familiar ; we are no longer 
"surprised, there is nothing new or strange to us in the 
<< phenomena, we feel at home with them, they no longer 
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Book V. " perplex us, they are explained *' (Science of Mechanics, Eng. 

^' Trans., pp. 6-6). 
It is implied As the expression of the ground of all uniformity this 
fication, ^ general postulate lies at the root of all classification. The 
very idea of species under a genus involves that different 
clashes of things partake in the same general nature, and that 
they are distinguished from each other by essential and 
regular differences, in other words that attributes persist- 
ently coexist in a fixed and definite way. The same as- 
sumption is involved in the constitution of the species. Were 
it not for this constancy, knowledge would be impossible. 
If for example a substance could be identical with iron in 
every quality but one, the organization of experience could 
not even begin ; for certainty would be unattainable. This 
constancy is implied in the category of substance and quality 
which we saw to be involved in the simplest act of know- 
ledge [see § 141, (iii.)]) &nd it is the postulate assumed in the 
formation of all generic judgments, which have been already 
said to be the only valid justification for the ordinary 
universal or general judgment of complete enumeration 
[see § 71, (i.), (b)y 

An equally important aspect of this fundamental postulate 
is that of uniformity of mutually determined changes of 
relation amongst the elements of the universe. This leads 
us to the discussion of the principle of Causation. 



and in 
Causation. 



143. Causation. 

(i.) Function of the Concept of Causation. 

Under Can- (a) General Statement of Question. It has been seen above 

be con-'"^ [««« § 141, (iii.)] that our concept of Reality even in a simple 

Sf ^iato^*^ form contains the antithesis between persistence and change, 

and change, and that the idea of change can only be included in a unified 

system when it is regarded as change of relation between 

connected parts of that system. Thus, as Green says, " The 

"identical changes. Without identity there is no change, yet 

" change contradicts identity. To overcome the contradiction 

1 First Edition, </. § 78 (ii.) ad Jin. 



Digitized 



by Google 



POSTULATES OP INDUCTION. 11 

" the change must be acconnted for. At first the changes Book V. 
" seem chaotic. The first thing (a) to be done for satisfying < ^ ^ 
" that demand for unity, which is the ground of our intelli- 
** gence and at the same time identical in principle with the 
" unity (the one subject) of the world, is to make oat what 
<' follows what; the next thing (&) is to account for the 
"ascertained uniformity by progressive discovery of its 
"conditions, a discovery which at once further ascertains the 
^'uniformity and connects it with other uniformities of 
"change" (Philosophical Worhs^ vol. ii., p. 302). We have 
here a brief but clear statement of the question we have now 
to investigate. 

{h) Causation is a Postulate of Knowledge, It must be Oauaation is 
noticed first that no sharp antithesis exists between the o/iraow. 
question as to the nature of causation, and that as to the J^ljf J,f ^ 
origin of the idea of causation. Such an antithesis is but experienoe. 
another instance of that false opposition between thought 
and things which has already been dealt with [see § 141, (ii.)]* 
For even if we examine the idea of causation from a purely 
subjective point of view, simply as it exists in our minds, we 
find it is but a reproduction more or less perfect and com- 
plete of the relation which actually exists. The statement 
that causation is a relation between phenomena can only be 
accepted if by 'phenomena' is meant not mere transitory 
and perishing impressions in an individual consciousness, but 
elements of real experience (o/. § 141). Causation is one of 
the forms in which alone we can think our experience, and it 
is therefore involved in all experience. That it is so is seen 
clearly in the very passage in which Locke states the em- 
piricist position that the idea of causation is derived from 
observation. He says : '' In the notice that our senses take 
" of the constant vicissitude of things, we cannot but observe 
"that several particular, both qualities and substances, begin 
" to exist ; and that they receive this their existence from 
"the due application and operation of some other being. 
" From this observation we get our ideas of cause and effect. 
" That which produces any simple or complex idea we denote 
" by the general name, cause ; and that which is produced. 
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Book V. " effect " (Of the Human Understanding, Bk. 11., oh. xxvi., § 1). 

^^ ^ ' Here it is perfectly clear that Locke is argning in a circle, 

for it is only possible to observe *^ the application and opera- 

" tion " of things upon each other in the sense of thinking 

those changes under the form of causation. The idea whose 

origin Locke tries to account for by observation is, therefore, 

fully involved in those very observations from which he 

attempts to derive it. 

Causation is The fact that causation is thus a postulate of knowledge 

5^^^ ^^. accounts for the variations in fulness with which the idea is 

grees of fui- grasped by different people. It is only the man of scientific 

dififerent thought who recognizes that every event is the outcome of 

minds. uniform laws, though the complexity of their mode of action 

may be hidden from him. As Professor Huxley puts it : 

**Even thoughtful men usually receive with surprise the 

'^ suggestion, that the form of the curl of every wave that 

** breaks, wind-driven, on the sea-shore, and the direction of 

" every particle of foam that flies before the gale, are the 

"exact effects of definite causes; and, as such, must be 

" capable of being determined, deductively, from the laws of 

" motion and the properties of air and water" (Hume, p. 122). 

The conscious acceptance and application of the general 

axiom of causation — that every change must have a cause — 

is, therefore, a higher phase in the process of interpreting 

and unifying experience than that in which the existence 

and regularity of causation are recognized in particular 

instances. 

(ii.) Nature of Causation. 

HuTM held * (a) Hum^s Doctrine, If we now ask what we are to 

tion is ^***^ understand by Causation we are met at once by the answer 

a feeUM^'f* ^^i^^i &mcQ the time of Hume, has been given by the 

exped»tlon empiricist school of philosophy — that causation is nothing 

custom. ^u^ invariable sequence. With Locke causation implied 

power to produce change, yet the relation is not " contained 

"in the real existence of things, but something extraneous 

" and superinduced ^ {op. cit., § 8), i.e. is an idea produced by 

the mind. Hume, seeing the untenability of this antithesis 
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between thought and reality, solved the difficulty by reducing Booe V. 
all reality to felt experience — t.e. to series and combinations of ^'^ 
sensuous impressions. Hence with him causation became en- 
tirely subjective. He says : ** When any natural object or 
"event is presented, it is impossible for us, by any sagacity 
" or penetration, to discover, or eveu conjecture, without ex- 
" perience, what event will result from it, or to carry our 
" foresight beyond that object, which is immediately present 
" to the memory and senses. Even after one instance or 
" experiment, where we have observed a particular event to 
"follow upon another, we are uot entitled to form a general 
'* rule, or foretell what will happen in like cases. . . . But 
" when oue particular species of event has always, in all 
" instances, been conjoined with another, we make no longer 
" any scruple of foretelling one, upon the appearance of the 
" other. . . . We then call the one object, cause ; the 
"other, effect. ... It appears, then, that this idea of a 
" necessary connexion among events, arises from a number . 
" of similar instances, which occur, of the constant conjunc- 
" tion of these events ; nor can that idea ever be suggested 
" by any one of these instances, surveyed in all possible 
" lights and positions. But there is nothing in a number of 
"instances, different from every single instance, which is 
" supposed to be exactly similar ; except only, that after a 
" repetition of similar instances, the mind is carried by habit, 
"upon the appearance of one event, to expect its usual 
" attendant, and to believe that it will exist. ... W hen we 
" say, therefore, that one object is connected with another, 
" we mean only, that they have acquired a connexion in our 
" thought. . . . We may, therefore, suitably to this experi- 
" ence, form [a] definition of Cause ; and call it, * an object 
"followed by another, and whose appearance always 
"conveys the thought of that other''' (^Inquiry concern- 
xng Human Understanding, § 7). The language here 
hides the absolute subjectivity of Hume's view. But in 
his Treatise of Human Understanding he tells us : " What we 
"call a mind is nothing but a heap or collection of different 
" perceptions, united together by certain relations, and sup- 
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Book V. '' posed, though falsely, to be endowed with a perfect sim- 
^•^ ' "plicityand identity. Now as every perception is distin- 
'' gnishable from another, and may be considered as separately 
" existent ; it evidently follows that there is no absurdity in 
" separating any particular perception from the mind. . . . 
" If the name of perception renders not this separation from 
*'a mind absurd and contradictory, the name of object^ 
** standing for the very same thing, can never render their 
*^jcon junction impossible " (Part IV., § 2). And with Hume 
perception is nothing but feeling. " We may divide all the 
*' perceptions of the mind into two classes or species, which 
*' are distinguished by their different degrees of force and 
" vivacity, ... By the term Impression ... I mean all our 
** more lively perceptions, when we hear, or see, or feel, or 
'* love, or hate, or desire, or will And impressions are dis- 
'' tinguished from ideas, which are the less lively perceptions, 
*' of which we are conscious, when we reflect on any of those 
*' sensations or movements above mentioned " {Inquiry^ § 2). 
Hume's doctrine, then, has as its essential elements — (1) that 
reality is merely succession of sensuous impressions, (2) that 
causation is the idea of an invariable succession in our sen- 
sations, i,e.y is simply expectation, (3) that it is derived from 
repetition in experience of definite individual sequences. 
Modem # (h) Modifications of Hume's Doctrine, The doctrine of 

jests causation adopted by many writers of the empiricist school 

WnSaa to^ in. natural science is nominally that of Hume, but really not 
the sub- only differs from it, but is incompatible with it. Hume's 
Caiiaaiioil*, conception of reality is necessarily rejected, for it is at vari- 
ance with that very fundamental idea of the existence of a 
material world which alone makes natural science possible. 
They thus reject Hume's reduction of causation to mere 
belief or expectation. Causation is not with them, as with 
Hume, a " principle of connexion among ideas " {Inquiry^ § 3), 
but one between events in a material world. One result 
of Hume's doctrine must be that as there are various 
degrees of strength in expectation, so there are degrees in 
causation. So plainly is this the case that Dr. Karl Pearson, 
who adopts the fundamental empiricist position, is constrained 
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to give to causation a meaning utterly opposed to that of Booe V. 
Hume, in that he restricts it to the past, whilst Hume ^^' 
identifies it with an expectation of the future. Dr. Pearson 
says : '' That a certain sequence has occurred and recurred 
** in the past is a matter of experience to which we give 
'* expression in the concept causation ; that it will continue 
" to recur in the future is a matter of belief to which we give 
** expression in the concept |wo6a&»7% '' (Gh'ammar of Science^ 
p. 136). Nor does the modern scientist grant that causation and as to the 
can only be proved by repeated observation. The chemist ment of the 
or physicist in working an experiment does not feel the need ^Jf^ni^Ky 
of repeating it an indefinite number of times in order to repeated ob- 
establish a case of causation ; if he is sure that no unknown ^^^^^ 
elements have crept in, he affirms causation on one single 
experience ; and to do this, we have seen, Hume regarded as 
always unjustifiable. Indeed, often the element of observed 
sequence is disregarded and a hidden connexion is established 
by experiment, and in this inner connexion the causal bond 
is found and acknowledged, even though it differs from the 
observed elements of the sequence. But in such a case it is 
evident that causation cannot be derived from mere observed 
invariability of sequence. Indeed, the opposite is the case. 
A sequence is held to be invariable when all the conditions 
are so fully known that they are seen to be the sole and 
sufficient elements for the production of the change which is 
called the effect. When, for instance, hydrogen and oxygen 
are combined in the quantitative ratio of two to one and 
water is found to result from the combination, that connexion 
is immediately regarded as necessary, and, therefore, one of 
causation. In this case we have a hidden ^antecedent' 
which only manifests itself as an antecedent upon the 
performance of an experiment which produces the effect. 
It is this ' interrogation * of nature which makes the hidden 
causal bond manifest. But the idea of some causal bond 
must have been implicit in the mind of the original experi- 
menter, or he would never have worked the experiment. 
Thus, experience is necessary to establish what causal con- 
nection holds in particular instances, but the idea of causal 
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connexion in general is not derived from those instances ; 
it is essential to constitute them elements of an intelligible 
experience to all. 

Invariability of temporal sequence has, however, since the 
time of Hume held its ground in most English writers as 
the essence of the causal relation. Thus Brown in his Essay 
cm Causation (p. 44) says : ''A cause may be defined to be 
" the object or event which immediately precedes any change, 
'' and which existing again in similar circumstances will be 
*' always immediately followed by a similar change.*' This 
is obvioubly only a rough and ready statement of the vague 
and unanalysed notion of the plain man. Cause is here 
either an " object ^ or an " event.'' So in common speech 
either the object which acts upon another object, or the 
action itself is indifferently spoken of as the cause. A boy 
falls into the water, and either the water or the immersion 
is indifferently spoken of as the cause of the consequent 
wetness of his garmenta A man takes arsenic, and either 
the substance or the act of taking it is indifferently named 
in common parlance as the cause of his death. But this is 
not scientific — i.e, exact — thought. The common idea needs 
to be analysed and made definite and precise. 

*(c) MilVs Doctrine, This was nndertaken by J, S. Mill, 
the great exponent of induction from the empiricist stand- 
point. He begins by saying : ** The notion of Cause being 
"the root of the whole theory of Induction, it is indis- 
" pensable that this idea should, at the very outset of our 
"enquiry, be, with the utmost practicable degree of pre- 
" cision, fixed and determined" (III., v., § 2). He then tells 
us that "the causes with which I concern myself are not 
** efficient, but physical causes. They are causes in that sense 
" alone, in which one physical fact is said to be the cause of 
''another. . . . The Law of Causation ... is but the 
"familiar truth, that invariability of succession is found by 
"observation to obtain between every fact in nature and 
" some other fact which has preceded it. . . . To certain facts, 
" certain facts always do, and, as we believe, will continue to, 
" succeed. The invariable antecedent is termed the cause ; 
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'^ the inyariable consequent) the effect. And the nniveraalifcy Book V. 
" of the law of caasation consists in this, that every conse- ^ ^^ 
^'qnent is connected in this manner with some particular 
''antecedent, or set of antecedents" (ibid.). "It is seldom, ^*^Jt^^ 
" if ever, between a consequent and a single antecedent, that be the sum 
" this invariable sequence subsists. It is usually between a ^^1"***^ 
''consequent and the sum of several antecedents ; the ^on- d«»<*» 
" currence of all of them being requisite to produce, that is, 
" to be certain of being followed by, the consequent. In such 
''cases it is very common to single out one only of the ante- 
"cedents under the denomination of Cause, calling the others 
" merely Conditions. ... The real Cause is the whole of 
" these antecedents ; and we have, philosophically speaking, 
" no right to give the name of cause to oue of them, ex- 
" clusively of the others. . . . The cause, then, philosophically 
" speaking, is the sum total of the conditions, positive and 
" negative, taken together ; the whole of the contingencies 
" of every description, which being realised, the consequent 
" invariably follows. The negative conditions . . . may all 
"be summed up under one head, namely, the absence of 
" preventing or counteracting causes " (ibid., § 3). 

In answer to the objection that if causation is nothing and ^^ 
but invariable sequence day and night are the causes of quence 
each other. Mill says : " Invariable sequence ... is ^^Son^ 
"not synonymous with causation, unless the sequence, 
"besides being invariable, is unconditional. . . . We may 
" define, therefore, the cause of a phenomenon, to be the 
" antecedent, or the concurrence of antecedents, on which it 
" is invariably and unconditionally consequent " (ibid., § 6). 
And by "unconditional " Mill explains that he means "what 
" writers mean when they say that the notion of cause 
" involves the idea of necessity/' namely, " what must be 
" means that which will be whatever supposition we may make 
" in regard to all other things " (ibid.). As to the connexion of 
time sequence with causation Mill grants that " in some cases 
" (though those are a minority) the continuance of the con- 
. " ditions which produced an effect is necessary to the con- 
"tiBoance of the effect. . . . Whether the cause and its 

LOO. XL 2 
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Book V. '* effect be necessarily Buccessive or not, the beginning of a 

^ •^ ^ " phenomenon is what implies a canse, and causation is the 

'' law of the succession of phenomena. ... I have no objec- 

*' tion to define a cause, the assemblage of phenomena, which 

" occurring, some other phenomenon invariably commences, 

" or has its origin" (ibid.^ § 7). 

It has been thought well to give the substance of Mill's 

discussion of causation at some length, and in his own 

words, because of the authority his work so long enjoyed, 

and, though to a greatly diminished extent, still enjoys. But 

a careful examination of it will show that it has not really 

led us to that precise determination of the causal relation 

These posi- which was to be the result of the enquiry. Indeed, the posi- 
tions are not ,. , . a ^. J * ^1 ^. \ . .! . *^ 
consistent tiou adopted at the end of the discussion is quite mcom- 

^h^each p^tible with that taken up at the beginning and which is 
nowhere consciously relinquished. Throughout, Mill holds 
to the idea of invariable sequence. Cause is the ** invariable 
antecedent." By this Mill apparently means no more than 
when he says ** Effect is the invariable consequent," for 

ijedoctaine one of his main doctrines is that of the Plurality of Causes, 

of Plurality ,.,,,, «-r. . . , 

of Causes is which he thus expresses : '* It is not true . . . that one 
botirwftiS"* " effect must be connected with only one cause, or assemblage 
the defini- " of conditions ; that each phenomenon can be produced only 
Cause as in- " in one way. There are often several independent modes in 
an^dent, " which the same phenomenon could have originated. One 
" fact may be the consequent in several invariable sequences ; 
'' it may follow with equal uniformity, any one of several 
^ antecedents, or collections of antecedents. Many causes . . . 
"may produce death" (III., x., § 1). Thus, given a pheno- 
menon we have no right, according to this doctrine, to speak 
of its " invariable antecedent " but only to say that it is the 
** invariable consequent " of some one of an indeterminate 
number of sets of antecedent conditions. But this doctrine 
of the Plurality of Causes not only conflicts with the defini- 
and with tiou of Cause as the * invariable antecedent ' but it is utterly 
tion^fun? inconsistent with the further conception of causation as 
conditioned « unconditioned * sequence. If, as Mill tells us, given certain 
conditions we must necessarily, in the only intelligible 
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of the word, find the effect — i.e, if the sequence is ahsolately Booe ▼. 
independent of all other things — it follows that each definite ^ ^ ^ 
set of conditions can produce just one precise effect, and that 
no two different sets of conditions can produce precisely the 
same effect. Again, Mill sets out by discarding ** efficient " Oausattona* 
causes, and yet he finds cause in a set of conditions whose tioned se- 
ezistence necessitates that of the effect ; greater efficiency TOnSsten?'' 
than this no one would wish to establish. An efficient cause ^^^^ . 
is one which is capable of producing a given effect, and •^ffi^ient' 
according to Mill's own showing his antecedent conditions ®*"*®** 
fnl61 this requirement. It is the continual endeavour to 
retain time sequence at any cost which vitiates Mill's dis- 
cussion, an endeavour due to his fundamental position that 
reality is nothing but phenomena — ^in the sense of mere 
transitory sensuous impressions — ^whioh are in their nature 
distinct and separate and are only conjoined for conscious- 
ness by the operation of psychological association. 

(d) Statement of Doctrine. In speaking of cause as "sum Oauaoi* 
of conditions " Mill really expressed, though somewhat totality of 
awkwardly, the true doctrine. The expression " totality of «>ndittoM 
conditions" would have been better, for totality suggests 
that the conditions are integral and interrelated elements in 
a system, whilst 'sum' rather suggests a mere numerical 
addition of independent units. It is in totality of conditions 
that we must find cause, and this is not dependent on time 
sequence. For if we analyse any case of causation we find 9^^ this Ib 
that time sequence is not an essential aspect of it. The dent^^time 
weight of the atmosphere is the cause of the height of the "^^i^e^ce- 
mercury in the barometer, but the two are coexistent. 
Contact with water wets, and contact with fire burns, but in 
each case the result is simultaneous with the contact. The Ohange in. 
fact to be accounted for, as was said at first, is change ; but ]Ebtoncyr 
change implies something which changes. We cannot find S*l^"*** 
the explanation of change in preceding change, for that plained 
would simply land us in an infinite regress. Nor can the togeSerim. 
explanation of all the changes an object undergoes be found ™a»on*» 
m the nature of that object itself ; the changes of the same 
object are too multiform and too evidently determined by 

2—2 
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Book V. conditions external to the object to permit that. We oannot| 
^'^ ' therefore, regard each object as the causa immanens of its 
own changes. The common unphilosophical view is to regard 
or as alto- all change as, on the contrary, due to the action of one body 
to eirtern^ as agent upon another as passive recipient of action, and to 
influence, ^sk what body is thus the causa traimens of such change. 
But further consideration shows that this also is insufficient. 
The same object produces different effects according to the 
nature of the object acted upon. Thus, as Bacon long ago 
pointed out, the sun hardens clay and softens wax. Simi- 
larly we know that "what is one man's meat is another 
but necessi- man's poison." Hence we find that the attributes both of 
^raistence t^® agent and of the object acted upon are essential elements 
bu^*<5**^ in determining the character of the change which is effected, 
both the Thus, persistence of attributes is essential to every instance 
SSeobf^t ^^ causation. Mill, indeed, acknowledges this, when he 
acted on. g^ys j « In the enumeration of the conditions required for 
"the recurrence of any phenomenon, it always has to be 
"included that objects must be present, possessed of given 
"properties "(III., v. §5). 
TMb in- But if this persistence of objects and their qualities is 

ti^ityin necessary in every case of causation, and if the changes 
space. which an object undergoes cannot be explained by its own 

nature alone, but only when connected with changes in some 
other object, it follows that contiguity in space is also an 
essential element in causation ; for it is only under the form 
of space that we can rationalize our experience of the 
influence of bodies upon each other. Thus change is seen to 
be at bottom a change in the spatial relations of objects 
which persist in time. And here it will be well to notice a 
Exertion of difficulty which has been sometimes raised. It has been 
arign" f^he asked " How can a body act where it is not ?" in other words 
** bod^ISi^* how can we conceive a causal influence exerted on an object 
one aspect distant in space from the agent ; as, e,g,, that of the snn on 
jj^j^ the planets. In reply to this it must be said that in one very 
true and important sense of its reality a body most be 
thought to be where its influence is felt ; the power of 
exerting influence is one of its properties, and where, there- 
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fore, that power is felt there the agent truly is in this, the Book V. 
only applicable, sense. Of course, in another sense of its ^- ^ ' 
reality — the sense in which reality is identified with visible 
and tangible form and tangible resistance — ^the body may be 
absent, but then that aspect of its reality is, in this case, 
beside the mark. 

The foregoing analysis has brought out that after all time Time so- 
sequence is not a necessary aspect of causation. Of course 2ot a^neoes- 
every change implies a prior state and a posterior state, but *y7 *sp«c* 
these do not stand in the relation of cause and effect. The 
dryness of a boy's clothes before his immersion in water is 
not the cause of their subsequent wetness ; that cause can 
only be found in that spatial relation between the clothes 
and the water which we call contact. But if causation 
consists in certain spatial relations of bodies having per- 
sistent qualities, it is evident that whenever the cause is 
present the effect is present. The cause of the formation of 
water is the combination in definite proportions of hydrogen 
and oxygen, but this combination does not precede the 
formation of the water, it is that formation. And so it is in 
every other case. A weight in one scale of a balance holds 
suspended a weight in the other scale, but these are not 
successive in time. A dropping of ink upon paper causes a 
blot, but the blot is there as soon as the contact of ink and 
paper is made ; it is that contact. Thus Hobbes had a much 
truer conception of cause than Hume and Mill and their 
followers when he defined it thus : ^* A cause simply, or an 
" entire cause, is the aggregate of all the accidents, both of the 
*' agents how many soever they be and of the patients, put 
" together ; which when they are all supposed to be present, 
** it cannot be understood but that the effect existeth with 
" them ; or that it can possibly exist if any of them be 
" absent " (^Elem, Phil, II. ix. 121). in popular 

But, if causation is not essentially time sequence, it is tlSe^- 
necessary to show how the popular idea of sequence arose. q«ence ia 
This popular idea is not truly a general idea, that is to say, casos re- 
the plain man only applies it in cases in which it seems at first ^mentin** 
sight appropriate. He would grant, for instance, that con- causation; 
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tact with water wets at the moment of contact, and that the 
weight of the atmosphere and the height of the mercury 
balanced by it in the barometer are synchronous and not 
successive. But he would point to cases in which what he 
calls the effect is subsequent to that which he calls the cause. 
Thus, e,g, he will say that a man takes poison first and that 
death follows at a longer or shorter interval. But here the 
words * cause' and * effect' are used very arbitrarily. By 
cause is meant the beginning of a chain of sequent events, 
and by effect one of those events selected because of its 
interesting character. But an infinite number of inter- 
mediate links can be inserted in the chain, each of which 
may be equally well regarded as the effect of that which 
precedes and the cause of that which follows, and thus the 
'cause' is at best only the remote cause and is separated 
from its * effect' by many intermediate proximate causes. 
What really should be said is that the persistent qualities of 
the poison being brought into spatial contact with those of 
the internal organs of the man, a changed condition of both 
the poison and those organs is brought about. A new set of 
persistencies is thus set up which is incompatible with the 
maintenance of life. But death is not the effect in any 
scientific sense of the word ; it is only one element in the 
effect, which is in its totality those changed conditions which 
have just been mentioned. In this ctise we can easily make 
an arbitrary division, because in the series of changes which 
the continued reaction of poison and organs have upon each 
other there are two well-marked points — the taking of the 
poison and the death. And, according to the result, popular 
speech divides cause from effect at one or other or both of 
these points. If not death but only illness ensues, it would 
be said that the taking of the poison was the cause of the 
illness, the separation there being made at the earlier point 
of time ; but if death ensues, the separation seems made at 
both points, and the interval between them disregarded. 
But we have not always such well-marked points of time 
when the persistent changes of the one body begin to show 
their influence on the other body, and in those cases the 
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•equenoe view of causation becomes very difficult of applica- Book V. 
tion. When we have such a well-marked moment then it is ^ ^ ^ 
possible to draw an arbitrary line and say * Here the cause 
ends and the effect begins/ but in that case it is evident that 
the end of the cause and the beginning of the effect are one 
and the same thing. Throughout, it is plain, the popular 
view treats cause and effect as two phenomena, i,e. events 
open to observation and separable from each other ; it then 
r^ards that which comes first in time as the cause and that 
which follows in time as the effect. Moreover, in such a 
sequence of changes it is possible to stop at any point ; that 
which has been up to that point is real in a sense which 
cannot be predicated of that which is yet to come, and so 
this actual reality is styled the cause of the potential reality 
which follows it. But immediately we analyse the sequence 
we see that the cause is not complete till the effect is secured, 
and we are thus led to regard cause, not as a phenomenal 
event in time but, as a totality of conditions whose existence 
secures the effect Hence, the relation of causation is found 
in the securing of those conditions, which are, consequently, 
at uuce both cause and effect, and so temporal sequence 
ceases to appear as the essence of causation. 

The above considerations enable us to understand why in Thecontinu- 
some cases the '* effect " may endure an indefinite time after < effect' 
the "cause" has ended, whilst in other cases the old axiom — J^ttonof 
quite incompatible as it is with such continuance — cessarUe the 'cause' 
causa, cessat effectus, holds true. An example of the latter uponthe 
may be found in the withdrawal of the weight from one JfJ^^*^!-. 
scale of an evenly poised balance, when the equilibrium of tent attri- 
the two scales, which was the effect of the equality of the ^"'*** 
two weights, is at once destroyed. Examples of the former 
are found in the majority rather than in the minority (as 
Mill said) of cases of causation ; for the changed conditions 
usually persist in a way open to observation. The most 
striking and instructive examples are found in mechanics. 
A blow sets a body in motion, and the motion not only 
continues after the blow is ended, but, according to the law 
of inertia, tends to endure for ever, and would actually do 
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Book V. so were it not counteracted by opposing * causes,* such as 
^ ^^ ' gravity and friction. Again, if a moving body comes into 
contact with one which is immovable, the former is brought 
to a state of rest, and remains in that state so long as no 
other influence is exerted upon it. In this case we may 
speak of the fixed body as the * cause ' of the cessation of 
movement in the previously moving body, just as accurately 
as we may speak of the blow in the preceding example as the 
cause of the motion, or of poison as the cause of death. But 
in none of the cases are we using the word with scientific 
accuracy ; it is the changed spatial relation con^bined with 
the permanent nature of each of the obj^ts involved that 
is the true cause of the result, and that result is in each 
case nothing but the actual occurrence of that changed 
spatial relationship and the interaction of the peroutnent 
natures of the objects concerned which it involves. And 
this interaction is in the case of the examples quoted from 
mechanics that change in the visible attribute of motion of 
the bodies concerned which is expressed by the law of inertia. 
Mechanical But these examples have led us to the further result that 
me^es^kito ^^^^ ^i^ motion are not fundamentally different in character, 
d ^ie^!^tii *°^ *^*^ whether a body be at rest or in motion depends 
conserva- upon the equilibrium of forces within the total mechanical 
ener^. System of the universe. Thus the concept of causation is 
brought into relation with that of the conservation of energy. 
In this connexion, too, we must notice that in the scientific 
analysis of any instance of causation, there is included the 
exact measurement of the amount of the change produced. 
The equivalence of cause and effect is here assumed, for the 
efficient amount of the cause is measured by the amount of 
the effect. When it is said in this connexion that '* the cause 
equals the effect,'' the * cause ' spoken of is not a thing but the 
efficient action of the thing, and this action reduces itself to its 
permanent attributes in a certain spatial relation to the object 
on which it acts. Thus, for example, the amount of force 
exerted by a machine is measured by the amount of work it can 
do. These considerations need not be pursued further ; they 
again lead us to the doctrine of the conservation of energy. 
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We, then, arritd at this. Cause and effect are not two but Book V. 
one. That tbey are inseparable is indeed recognized by the ^- ' • 
relativity of tbe very terms themselves. A cause without Result— 
an effect or an effect without a cause is a contradiction in eff^ ^ 
terms and unthinkable. But we must go further and say JJ®^^I5^{JJ 
that in content they are absolutely identical. It is only in distinguish, 
/orm that they can be distinguished, and then we may speak * *^*«*"°- 
of the one as determining, 'and of the other as determined. 
Thus the combination of hydrogen and oxygen in the 
quantitative ratio of two to one determines that the effect 
shall be water, and the character of that effect is determined 
by the character of the elements which are combined, but the 
combined elements and the water are one and the same 
identical substance, and this substance is the content both of 
the cause and of the effect. 

(iii) Axiom of Causation. 

We have confined our condderation for purposes of sim- The seieo- 
plicity to single instances of causation. But it must be noted i^^^^ 
that every such isolation, whether of a single change, of a ^j^^^ ** 
group of changes, or of a series of changes, is an arbitrary boUi as to 
act Nature is continuous, and all existence is continuous ning ^ 
and uninterrupted transition. Of course, in many cases, the ^^^ 
boundaries of what we choose to call an instance of causation 
are plainly marked for observation, even as a strongly marked 
point has been seen to often form a convenient dividing line 
between cause and effect in the popular view of causation as 
temporal sequence. But the presence of such well-marked 
boundaries does not indicate any break in nature. Thus 
every cause is an effect and every effect a cause, and our 
attempts at explanation by the causal concept are involved 
in a r^^ress which is practically endless as it only ceases in 
the conception of nature as a whole. But we have to notice «»* *« to its 

, , , content* 

a practical limit in another way — ^a limitation of the elements 

we take into consideration. Mill's whole system of the 

discovery of causes virtually resolves itself into an attempt 

to discover what elements in the total conditions under 

which a change takes place are essential and material to that 
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change, and what can be disregarded. It is obvions that the 
totality of the circumstances attending any change can never 
be taken into account in our analysis of the conditions of that 
change, though only by doing so could we be said, in the 
fullest and most perfect sense of the word, to have explained 
that change. But this totality is utterly unwieldy ; it is 
necessary to make a selection, and to find out what are the 
essential elements of that system of reality which is the 
ground for that change which we call in its various aspects 
cause and effect. It is to this necessity that Dr. Carus refers 
when he says : ^ The significance of cause and effect is to 
" a great extent arbitrary, and depends much upon the proper 
"tact of the observer'* (Fundamental Froblemtt, p. 84). 
Similarly, Mach says : '* In speaking of cause and effect we 
'* arbitrarily give relief to those elements to whose connexion 
"we have to attend in the reproduction of a fact in the 
" respect in which it is important to us. There is no cause 
" nor effect in nature ; nature has but an individual exist- 
" ence ; nature simply is. Recurrences of like cases in 
" which A is always connected with B, that is, like results 
" under like circumstances, that is again, the essence of the 
" connexion of cause and effect, exist but in the abstraction 
" which we perform for the purpose of mentally reproducing 
" the facts " (op, cit, p. 483). In other words, in actual ex- 
periences the relations which we can observe are impure^ that 
is the essential connexion we want to establish is more or 
or less overlaid with irrelevant concomitants. Hoffding even 
goes so far as to say : " It may even be maintained that we 
'^can never obtain absolute corroboration of the law of 
" causality by experience. The causal principle sets up an 
"ideal, which can never be fully realized in our cognition *' 
(Outlines of Psychology^ Eng. Trans., p. 212). Hence, there 
is the danger that the statement of the essential conditions 
may be imperfect either by inclusion of the accidental, 
by omission of the essential, or by both. It is because of 
this practical uncertainty that the axiom of causation— the 
same cause always produces th^ same effect — ^is frequently 
regarded as not reciprocal ; that the simple converse — 
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the same effect is always produced by the same cause — is Book V. 
not held to be justified. To this was due Mill's doctrine of ^- ^ - 
the Plurality of Causes. But, as we saw, this doctrine is Every in- 
inconsistent with the view of cause as the totality of essential ^trsation is 
conditions. In any particular instance we may feel that we ^^^'^ 
are not justified in regarding our statement of the causal conditions 
relation as reciprocal, but that is because we are not certain i^m>wnf 
that the whole of the essential conditions have been correctly 
sorted out. When we do feel that certainty, we do regard 
the statement of the causal relation as reciprocal Thus, for 
instance, the statement that the combination of hydrogen 
with oxygen in certain definite proportions always produces 
water is held to state a reciprocal relation, i,e. to be simply 
convertible, and we feel equal confidence in asserting that 
pure water can be completely resolved into those two gases 
in those exact proportions. It is the same in all cases of 
scientific experiment where it is possible to make sure that 
all the essential conditions are known and are secured, and 
that no others are present which can modify the result. 
Thus, in every case where the establishment of a causal rela- 
tion is certain, that relation is established as a reciprocal one. 
Consequently the axiom of causation must be regarded as henee the 
ideally reciprocal : our inability to apply it in its ideal form causation is 
in any particular case cannot affect its character, but can '^c*P«>«^ 
only suggest to us a need for further enquiries till the true 
reciprocal condition is satisfied. The popular idea of the f^^ popular 

. , , ^ - ^, . / X. . 1 . idea to the 

non-reciprocal character of the axiom of causation is due to contnuy is 
the fact that the " ca'ise " is much more frequently analysed Sufficient 
than the " effect "—using those words in the popular sense of fJ**J^®J* ^^ , 
temporal antecedent and consequent phenomena. Thus, when 
Mill says in support of his doctrine of the Plurality of 
Causes, *^ Many causes may produce death'' (op, ctV., Bk. III., 
ch. X., § 1), he is obviously speaking very loosely. Death, as 
we have pointed out, is not the whole effect. Moreover, death 
can never be death in general, but only some one particular 
kind of death, and the death caused by a bullet through the 
heart is not the same kind of death as that due to drowning, 
and both again differ from death by poison, and so on. The 
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Book V. effect as a totality differs in each ease from that in erery 
^^- other case, and the very existence of the enquiries of coroners' 
inquests is a practical assertion of even popular belief in the 
reciprocity of the causal relation, as it assumes that by^a 
careful analysis of the total < effect * the cause is arrived at, 
and this assumption can be only justified on the ground that 
this totality could have had but one cause. Thus, the 
doctrine of Plurality of Causes will not hold, even with the 
view of causation as temporal sequence of phenomena, when 
a cai;eful analysis is made of the so-called effect as well as 
of the so-called cause. Moreover sudi an analysis in exact 
proportion as it becomes thorough does away with temporal 
sequence, and brings 'cause* and * effect* nearer and nearer 
together, till with the completion of the analysis they are 
seen to be identical in their content. 



144. Ground or Beason. 

(i.) Connexion of Ground and Oanse. 

We are now in a position to see how our conception of the 
world as a unity embracing changes determining each other 
under the form of causation gives content to the formal 
postulate of Induction — ^the Principle of Sufficient Beason 
(«6e§20i). 
around or Ground or Beason is that upon which a judgment is 
jRMjonisthe based as an act of thought. Now the true reason for a 
judgment, judgment is only to be found in the real system the inter- 
relation between whose parts the judgment expresses. A 
Ground is thus an identity includiog differences witbin itself, 
When it is and it is perfect only when every essential element and rela- 
fudSmeS^ia *^®^ ^^ *^** system is accurately stated. In this case the 
reversible, hypothetical judgment which expresses the relation of the 
Ground to its consequent is reciprocal. Bat often in 
actual experience the Ground is not thus thoroughly known 
in all its essentials, and in these cases the hypothetical judg- 
ment cannot be simply reversed, and hence arises the formal 
rule which forbids the simple conversion of such judgments 
1 First Edition, § 25. 
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{see § 105 0* ^^^ &^ instance of causation in the final form Book V. 
to which OUT analysis in the last section led us is such a ^ ^^ 
Ground ; for there we have the identity of content as the Bvery rela- 
system within which the difference of form between cause citation !• 
and effect finds its meaning. When the statement of the » Q«w"»d- 
causal relation is perfect, t.e., when all the essential con- 
ditions can be set forth — then it is an example of a perfectly 
defined Ground ; when the causal relation is not thus 
thoroughly known, it corresponds to an incomplete Ground. 
It is true there is a difference of aspect between Ground and ^J^^J*" 
Cause ; the latter is the causa essendi — the cause why a ground of 
change is what it is ; the former is the causa cognoscendi — the como^-* 
cause of our knowledge of the event. And the causa no$cendi= 
cognoscendi need not be the causa essendi : it may be an ^owiedge. 
effect or a mere accompaniment of the change. Thus, if I 
see the road to be wet it is a causa cognoscendi that there has 
been rain, though the rain was the causa essendi of the 
wetness. Or again if I look from the window of a train in 
which I am traveUing and see the signal set against us, that 
is the causa cognoscendi to me that the train will stop, though 
the causa essendi of the stopping will be the application of 
the brake. But it will be noticed that in all these cases the 
causa cognoscendi is so only because we possess a knowledge 
of the real system within which both causa essendi and causa 
cognoscendi are related elements; it is not in any case a com- 
plete statement of the real ground of knowledge any more 
than it is a statement of the real ground in fact. On the 
other hand a causa essendi is always a causa cognoscendi, and 
hence the establishment of any causal relation is a real 
ground for the assertion of that relation. We may distin- Ground and 
goish, then, between the relation of Ground and Consequence SsSnguLh- 
and that of Cause and Effect, but to oppose the two to each J^^^* °^* 
other is to again fall into that false antithesis between 
thought and reality to which we have already referred 
[see § 141 (ii.)]. The relations established in an instance of 
causation are the Cause of the change considered in regard 
to its reality, and its Ground considered in respect to its 
knowability. Again, in ordinary usage, Cause is not co- 
1 Fin^t Edition, § 119. 
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extensive with Groand but is confined to the explanation of 
events, whilst Ground refers to the foundation of all know- 
ledge. " The distinction is, however, more one of usage than 
"of theory" (Bosanquet, Logic, vol. i., p. 265). 

Ultimately the only perfect and real Ground is the 
universe as a whole, for that only is unalterable, any change 
which takes place being merely a change within that wholei 
and not an alteration of the whole itself as a whole. Simi- 
larly, we saw above that the universe as a whole is the 
ultimate limit of all possible causal explanation. But we 
cannot deal with the universe as a whole, and, therefore, we 
have to find within it, as starting-points of investigation, 
systems which are sufficiently self-contained for practical 
purposes, that is, within which we can find essential features 
which mutually determine each other in their changes. As 
these systems are understood their relations to each other 
within yet wider systems become evident, and so the process 
of systematizing the concept of the universe as a unity 
gets carried out with gradually increasing thoroughness and 
precision. 

(ii.) Final Causes. 

Lastly, the concept of Ground leads us to that of Fioal 
Cause, by which is meant the end or purpose for which a 
thing exists. For example, the final cause of a knife is the power 
of cutting, that of a watch the accurate measurement of time. 
It is here seen that the final cause is related to the efficient 
causes, by whose operation a thing comes to be what it i?, as 
the end to which those efficient causes are the means. But 
the end gathers up the means into itself, and in it they find 
their only true realization. In the examples we have given 
the end is actually realized — the watch or the knife is made. 
But this actual realization is obviously not essential to the 
concept of final cause, for the final cause was the same 
even when the watch or knife was in process of manufacture. 
Bo that we may say with more exactness that a final cause 
is an end to be realized but which is not yet of necessity 
actual ; for example, the final cause of study is the acqnire- 
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ment of knowledge. And it is in this form only that we can Book V. 
apply the concept to the organic world. The final end of an ^ ^^ 
organism is the notion or ideal of the nature of that organism, 
an ideal to which the doctrine of evolution leads us to 
believe the whole existence of that class of objects is a 
gradual approximation. In so far as the universe is a 
mechanism, its final cause is its stability as a mechanical 
system. 

It is evident from even this brief treatment that in a true 
concept of the end we find a real Ground, and a Ground 
which embraces and yet goes beyond the idea of a mere 
mechanical system of the universe, and which thus satisfies 
the demand of the mind for rationality with the greatest 
attainable thoroughness. 



Digitized 



by Google 



CHAPTER IL 

GENERAL NATURE OP INDUCTION. 

Book V 
Gh.ii. ' n45. Development of Doctrine of Induction. 

Til® doctrine There is not in Induction, as tiiere is in Deduction, a large 
is modem, body of traditional doctrine which hais been more or lete 
generally accepted in its essentials since the time of Aristotfe. 
On the contrary, the modern conception of the scope and 
importance of Induction, as the analysis of the processes of 
thought by which we systematize our knowledge of reality 
by thinking it under general laws, is of recent growth. It 
will be well, then, to approach our general consideration of 
the subject by briefly tracing the development of that body 
of doctrine, with special reference to English logicians. 

(i) Aristotle. 
AnstoUere- Aristotle treated the subject but briefly. Induction he 
ductfon as described as ascending from the particular to the universal, 
S*^*Sl ^^ *^® sense of recognizing the universal in the particular. 
It is a kind of syllogistic argument in the Third Figure by 
means of which from two premises predicating respectively 
the major and middle terms of the minor, it is concluded 
that the major can be predicated of the middle, where 
" major," " middle " and " minor " refer to the varying width 
of the denotation of the three terms. Thus to take Aristotle's 
example — Let P be long-lived, M wanting bile, and S indi- 
vidual long-lived animals as man, horse, mule, etc. Then, 
the inductive argument is 

8 is P = Man, horse, mule, etc., are long-lived. 
8 is M = Man, horse, mule, etc., are bile-less. 
.'. M is P = Bileless animals are long-lived. 
This argument is demonstrative only when the predicate of 
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the minor premise is distributed. It has, therefore, an BookY. 
ennmerative aspect, though this was not, with Aristotle, the Ch^ 
most important one. Indeed as Sigwart points out (Logic^ 
Eng. Trans., vol. ii., p. 292), Aristotle's " individuals" are not 
particular individual things, but species which he combines 
under a genus. Thus, not only does the aspect of rational 
connexion of content predominate, but the difficulty of 
obtaining a complete enumeration of *' individuals *' — which 
is insurmountable in the great majority of cases when those 
individuals are particular things — ^is not felt by him ; he 
regarded an exhaustive summation of the species which 
compose a genus as quite feasible. 

Aristotle regarded Induction as easier to be understood, 
though less demonstrative than Deduction, as it started from 
the particular, which is more easily cognizable as lying 
nearer to sense perception, and reached the universal, which 
though it is " absolutely prior and more cognizable " is yet 
more remote from sense perception. 

Closely allied with ind action in Aristotle's doctrine, is the 'Proof by 
proof from the particular Example, which is in its essence ciSdy ^ 
analogical (cf, § 149). Thus, statesmen should not be chosen Jjj^^^^ 
by lot because athletes are not so selected. The argument 
from example has, therefore, direct application to a par- 
ticular instance, whilst the induction establishes the general 
proposition ; but in each case the cogency depends upon a 
rational connexion of concepts. 

(ii) The Scholastic Logicians. 

The Scholastic Logicians neglected this rational element The Sehoia$- 
in their adaptation of Aristotle's doctrine, and made the ^^^^^. 
essence of the induction to consist in enumeration. Thus tion entirely 
arose the distinction between " Perfect'' Induction — ^in which tire, and dis- 
the subject is known to be a complete enumeration of the ^^'^jSem 
denotation of the predicate of the minor premise— and •« ^^rfeet 
* Imperfect ' Induction — ^in which this cannot be assured. 
This doctrine was practically universal amongst logicians till 
ite time of Bacon, and has been upheld, even in our own 
day, by writers who regard logic as purely formal. Thus 

I.OG. II, 3 
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BookV. Hamilton says induction is governed only by the formal 

Ch^i. axiom : " What belongs, or does not belong, to all the con- 

ThiB is " stitnent parts, belongs, or does not belong, to the consti- 

m^OTQ ^^ " tuted whole " (Logic, vol. i., p. 321) ; and as this is simply 

iS^ the converse of the dictum de onine et nullo [see § 110 (ii.) (a)^], 

Induction is as purely formal as syllogism. He thus requires 

the minor premise in the '' Inductive Syllogism '* given 

above to be simply convertible, and he treats with contempt 

the objection that it generally is not so in fact. " This,'' he 

says, " is a very superficial objection. . . . For the logician 

''has a right to suppose any material impossibility, any 

" material falsity ; he takes no account of what is objectively 

" impossible or false, and has a right to assume what pre- 

" mises he please, provided they do not involve a contradic- 

" tion in terms " (ibid., p. 322). This is certainly pushing 

the antithesis between thought and reality to its utmost 

point, and does not leave it at all clear that logic — thus 

regarded — ^has any value whatever ; it certainly is not an 

analysis of the processes of that real thought by which real 

knowledge is organized. 

(iii.) Bacon. 

ifooon is Francis Bacon is often called the " Founder of the modern 

between Inductive Philosophy" but he may with equal truth be 
^^?mwiem spoken of as the last of the mediaeval scholastics. " Bacon 
philosophy. <^ frets himself to emerge from the mediaaval doctrines, 
'* amongst which he feels insecure, and again always falls back 
**into them" (Erdmann : Hist of Fhilosophy^'Eng. Trans. ^ 
vol. i., p. 682). In one essential point at least he was behind 
his namesake, Boger Bacon, who more than three centuries 
earlier had advocated the use of experiment with a 
definite purpose, a method of interrogating nature which 
Francis Bacon practically forbids. He really forms a bridge 
between medisBval and modern speculation; whilst his 
doctrines were at bottom scholastic, yet he gave them a new 
empirical and utilitarian aspect. However, his advocacy of the 
study of nature had, from his exalted position and acknow- 
ledged talents, a powerful influence on men's minds. 
1 First Edition, § 124 (ii.) (a). 
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Bacon regards the acquirement of all knowledge as a BookV 
process of " interpreting nature," and his Novum Orgarum is ^^^ 
intended as a ** True Guide " to such interpretation. First, Bacon re- 
he condemns the scholastic method of discoveriog truth. qvSrament 
This, which he calls '^anticipating nature," he thus describes : wr^^^* 
It *' leaps from the senses and particulars to the most general interpreOnff 
" axioms, and from these as first principlesi and their un- **' "**^*" '» 
''shaken truth, judges on and discovers medial axioms.'' In 
contrast with this his own method of " interpreting nature *' J^S^ * 
is one which " raises axioms from the senses and particulars, pooen. 
*' by ascending steadily, step by step, so that at last the more 
" general may be reached ** (Bk. I,, Aph. 19). Amongst the The mind 
"anticipations'' of which the mind must be cleared are the cleared of 
"phantoms" or "idola" or "false conceptions which have ^22^'*'** ®'* 
" hitherto preoccupied man's intellect, and are deeply rooted opiniona— 
" in it'* (Bk. I., Aph. 38), and which correspond in general to 
the fallacies of deductive logic. Of these phantoms Bacon 
enumerates four classes, of which the first two are intrinsic 
and the second two extrinsic : — (1) Phantoms of the Tribe^ 0) ptthe 
which dominate all men and "are founded on Human Nature mon to*^" 
'' itself," so that men falsely interpret the impressions they "^^ * 
receive through their senses (L, 41) ; (2) Phantoms of the (2) of the 
Cave which are due to the peculiarities and limitations of uaTto^e^ 
each man's individual personality (L, 42) ; (3) Phantoms ^Sw?^* 
the Market-place which arise " from the intercourse and Market-place 
"society of men with one another," i,e. errors due tbiangui^e; 
language (I., 43) ; (4) Phantoms of ihe Theatre or false (4) of the 
theories accepted because they are the fashion (I., 44). The dU?to*" 
mind being thus cleared of false prepossessions is ready to <Mhion. 
enter on the task of interpretating nature. 

Broadly speaking, the fundamental features of Bacon^s 
method are analysis and elimination, and it is thus, in its 
most general aspect, sound. But before it can be examined ^^'^f na- 
more in detail it is necessary to see upon what view of j^ure is that 
nature it is founded. It is briefly this : — Only individual sist of 
bodies exist (II., 2) and each of these is a definite " troop or n^JSros/ 
"combination of simple natures ** (II., 5). Of these "simple ^^^.^*** 
natures,*' or abstract qualities, some belong to the " Form" , ~ 

3—3 
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or '^very essence ** of the thing whilst others are derivatiye 
from these and are merely phenomenal (II., 13). The nnmber 
of simple natures is definite and may be known (II., 19). 

Bacon does not confine "Form'' to one meaning. He 
speaks of " the Form of a given Nature " as " its true differ- 
" ence, or its causal nature, or fount of its emanation" (II., 1), 
*' its very essence *' (II., 13). Ultimately, it would seem that 
^ Form ' should be found in the spatial and temporal relations 
of bodies [I., 75 ; II., 17 (3)], and so far as he adopts this 
view Bacon anticipates to some extent the doctrines of 
modern physics. In this doctrine of *' natures" and '* forms" 
there is much of the scholastic spirit as well as of its nomen- 
clature ; at the same time there is an attempt to give to the 
conception an aspect more in keeping with the position that 
knowledge of nature comes from observation. 

The object of Induction is to attain knowledge of 
causes, i,e. of " forms." ** True knowledge is knowledge by 
" causes." In this Bacon agrees with all his predecessors. 
But his method is to be different: "For that Induction 
" which proceeds by simple enumeration is a puerile thing, 
" and concludes uncertainly, and is exposed to danger from 
^* any contradictory instance, and for the most part pro* 
^' nounces from fewer instances than it ought, and of these 
" only from such as are at hand. But the Induction which 
''will be useful for the discovery and demonstrations of 
" Sciences and Arts, ought to separate Nature by due re- 
" jections and exclusions ; and then, after a sufficient number 
" of negatives, to conclude upon affirmatives. . . • Now in 
'' establishing Axioms by means of this Induction, examina- 
" tion and proof are also to be made use of ; whether the 
'' Axiom being established be only fitted and made to the 
'' measure of those particulars out of which it is extracted, 
" or whether it is more extensive and broader" (I., 106, 106). 
There will then be three steps in the inductive process — 
(1) "a natural and experimental history must be prepared, 
" sufficient and good " ; (2) the facts so obtained are to be 
arranged in Tables in an orderly manner so as to show 
(a) instances of the presence of the '* simple nature '* being 
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inyestigated, (b) instances of its absence, (c) instances in Book V. 

which it is present in varying degrees (IL, 10-13). He c^^i. 

recognizes, however, a difference of valne in instances, and 

discusses fully under twenty-seven heads those which he 

regards as superior to others for inductive purposes and 

which he calls Prerogative Instances (II., 22-52). (3) Indue- ^JJ ^]J^" 

tion, whose " first duty ... is the r^'ecUon or exclusion of exciiuion 

" single Natures, which are not found in any instance in tionJ*^*^ 

^' which the given IJiTature is present ; or which are found in 

^ any instance from which the given Nature is absent ; or 

"are found to increase in any instance, while the given 

*' Nature decreases ; or to decrease, while the given Nature 

'increases. Then after rejection and exclusion made in th 

" proper ways, there will remain . . . Form, affirmative, 

-' solid, true, and well limited " (IL, 16). If we examine this 

method we find that though Bacon says " The Syllogism is The method 

** not applied at all to the principles of Science " (L, 13), yet out lynS- ' 

his method of inference is after all thoroughly syllogistic. «^^°* 

" That upon which the whole process ... is grounded is a 

** disjunctive major premise with many disjunctive members ; 

*> the minor premise is a copulative negative judgment, which 

"excludes all members of the disjunction but one ; the 

"inference passes by the modus tollendo ponens to the 

" member which remains. The particular members of the 

" copulative minor premise which are combined by it are 

" derived by special syllogisms, which are all in the second 

*• figure, in Cesare or Camesires^^ (Sigwart, Logic^ Eng. Trans., 

v«l. ii., p. 296). 

1'hns, to take the example Bacon tried to work out to 
discover the *Form * of heat : — 

Let f =the Form of Heat ; //= always present where heat 

is ; ^, fl, C - - - X, K, Z= various * natures.' Then — 

F is eithpr AorBorCor----XorY orZ, 

But A is not //, And B is //, _ 

and F is Hy whilst F is not //, 

••. F is not A, ,\ F is not 8, 

and so on with all the other exclusions till one only, say X, is 
left The final syllogism then stands 
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Book V. F is either A or B or C or - - ' - X or Y or Z, 

^' ^^- But F is neither A nor B nor C nor - - - - K nor Z, 

.-. F is X. 
It is, of coarse, assumed that the disjonctioQ A or B or 

Y or Z ia complete ; and it is^ this very assumption 

that needs to be proved, and is most difficult to pro 76. 
Without it, the inference is obviously invalid. 
Thus again Bacou fails to escape from the traditional logic 
is not that lie disliked and contemned. At the same time his method is 
' not that of modern scientific discovery. ** The value of this 
" method," says Jevons, " may be estimated historically by the 
<<fact that it has not been followed by any of the great 
" masters of science * {Principles of Science^ p. 507). Through- 
and Ignores out it is vitiated by the error of neglecting the work of mind 
miud. in the constitution of knowledge, an error in which Bacon 

has been followed by all the empiricist school. '^ Men," he says, 
^* should bid themselves for a while renounce conceptions, and 
*^ begin to make acquaintance with things themselves '' (I., 36), 
ignoring the fact that '* things'' are nothing except in so 
far as they are understood, i,e. viewed by mind in their 
relations to other things ; in other words, thought under 
concepts or made part of true experience. This ignoring of 
the work of intellect led him to speak of the acquirement of 
knowledge as a purely mechanical process. He says plainly : 
" Our method ... of discovering the sciences is one which 
" leaves not much to acumen and strength of wit, but nearly 
"levels all wits and intellects" (L, 61). 
Baoon could Bacon himself failed absolutely in attempting to apply 
^own^ l^is own method. He was, indeed, not well acquainted with 
method. the natural science of his time, and had derived what know- 
ledge of it he did possess entirely from books. 
Bftco^aaim The practical or utilitarian aim of Bacon is apparent 
rian« throughout ; man wants to interpret Nature in order that 

he may use his knowledge for his own advantage. Some of 
his remarks under this head show how far Bacon was from 
being really emancipated from medisBval ideas. One of 
his favourite examples is the transmutation of substances. 
Thus he says : '* He who knows the Forms and methods of 
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** saperindaoing yellowness, weight, ductility, stability, melt- Book V. 
'* ing, BolutioD, and the rest, and their gradations and methods, ^^^- 
" will see and take care that these may be joined together in 
^some body, whence may ensue a transformation into 
'* gold " (II., 5). With Bacon there is, apparently, no idea of 
the pursuit of knowledge for its own sake ; social utility 
seems to be with him the final aim of all human action. 

(iv.) Newton. 

Newton was, of course, before all things a mathematician ^^^l^J^' 
and physicist. But in his works he deals to some extent with a)Anaiy8is ; 
scientific method. Thus he says in his Optics (qu. 31) ; "As if^/ofUw; 
** in Mathematics, so in Natural Philosophy, the investiga- (3) Synthe- 
^^ tion of difficult things by the method of analysis ought ever 
''to precede the method of composition. This analysis 
''consists in making experiments and observations, and in 
" drawing general conclusions from them by induction, and 
"admitting of no objections against the conclusions, but 
"such as are drawn from experiments or other certain 
"truths. ... By the way of analysis we proceed from 
"compounds to ingredients, as from motions to the forces 
"producing them; and in general, from effects to their 
"causes, and from particular cases to more general ones, 
" till the argument ends in the most general." By synthesis, 
Newton means deductive reasoning from the general law 
which has been reached or suggested by the method of 
analysis, to determine whether the consequences of that 
assumed law or principle coincide with observed facts. 
There is thus between the steps of analysis and synthesis the 
formulation of some general law. Such laws are the ex- 
pression of the effort of the mind to synthesize and explain 
the facts, and are what in modern logic and science are called 
hypotheses. Newton, however, used the term ' hypothesis * Newton did 
in the sense of those premature assumptions made on alto- demn hy- 
gether insufficient grounds which were condemned by Bacon. ^Je^^e^ 
Thus Newton says in the Scholium at the end of the Frin- scientific 
cipia : " Whatever is not deduced from the phenomena, is to '^^ ' 
"be termed hypothesis; and hypotheses, whether meta- 
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Book V. *' physical or physical, or occult causes^ or mechanical, hay6 

CtuU, ti j^Q place in experimental philosophy. In this philosophy, 

"propositions are dedaced from phenomena, and rendered 

<< general by induction." It is evident from this, that his 

condemnation of hypotheses — strongly expressed in another 

place by the words " hypotheses non fingo " (I do not frame 

hypotheses) — ^is of something very different from what we 

here understand by the term, for the hypotheses we speak of 

always are ''deduced from the phenomena.*' Indeed, 

but used Newtou's owu procedure throughout was by means of hypo- 

tinuai^^nd theses, in the sense in which a modem scientist uses the 

Svem*^*** term, and the four Bules for the conduct of enquiry into 

them nature given at the beginning of the Third Book of the 

Frincipia are really rules for the formation and use of such 

hypotheses [see § 151 (i.)]. On the method and influence of 

New ton, Jevons says : " Newton's comprehension of logical 

'* method was perfect ; no hypothesis was entertained unless 

*' it was definite in conditions, and admitted of unquestion- 

'* able deductive reasoning ; and the value of each hypothesis 

" was entirely decided by the comparison of its consequences 

" with facts. ... It is a great mistake to say that modem 

" science is the result of the Baconian philosophy ; it is the 

" Newtonian philosophy and the Newtonian method which 

*'have led to all the great triumphs of physical science" 

(Prin. o//Sc., p. 683). 

(V.) MilL 

jfaiwasan Mill adopted the fundamental empiricist position that 
9mpui»an, Qotjiing ig given as a basis of knowledge but separate and 
particular sensations, which are originally m^ely subjective 
states of feeling. This position, taken up by Locke, was 
worked out by Hume with greater consistency than by any 
other writer. With him general tmths — as we have seen in 
the instance of the law of causation [see § 143 (ii.) (a)] — ^are 
reduced to mere records of the " associations of ideas " in 
individual subjective experience, and statements of the 
greater or less strength of the expectation of the recurrence 
of similar chains of associations. This is a practical asser- 
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tion of the absolute impossibility of knowledge ; for Book V. 
knowledge is, in its very essence, nniversal and objective, i.e., ^^^ 
independent of the individual consciousness. Mill shrank The out- 
from this sceptical conclusion, and his doctrine of induction piridam^™ 
was intended to show from the empiricist standpoint how J^* ^ w. 
the attainment of knowledge is possible ; t.e., how it is TOssibie. 
possible to pass from the mere particular sensations given in tempted to 
experience, which he accepted as the only data, to what is not ^^JlJJ^ 
so given. Thus, he defines Induction as '* the operation of by hia doc- 
" discovering and proving general propositions ** (Bk. III., Sduotion. 
ch. i., § 2). Later on he expands this definition to : " Induc- 
" tion ... is that operation of the mind, by which we infer that He defined 
" what we know to be true in a particular case or cases, will aa'diacoyer- 
" be true in all cases which resemble the former in certain J^S^^ 
"assignable respects. In other words. Induction is the general 
" process by which we conclude that what is true of certain &o^^" 
" individuals of a class is true of the whole class, or that 
^* what is true at certain times will be true in similar circum- 
" stances at all times " (III., ii., § 1), and he tells us further 
that induction '* consists in drawing inferences from known 
" cases to unknown '' (III., il, § 5). 

Now this process is obviously quite different from the He denies 
"Perfect'' Induction of the scholastic logicians [«e« (ii.)]- feet • indue- 
Of this Mill says : " This ... is a totally different kind of ^^"^Jji^^^^ 
" induction from ours ; it is not an inference from facts 
" known to facts unknown, but a mere short-hand registra- 
" tion of facts known " (III., ii., § 1). This, therefore, is 
"improperly called" induction, for "any process in which 
" what seems the conclusion is no wider than the premises 
" from which it is drawn, does not fall within the meaning of 
"the term "(i6wf.). 

Nor is it the same as the scholastic "Imperfect" Indue- Hia doctrine 
tion [«6e (ii.)], which assumed no such major premise. Of 'im^rfec? 
this Mill says : " The induction of the ancients has been well induction in 

•^ requiring 

" described by Bacon, under the name of Tnductio pet' analysis of 
" enumerationem simplicem, uhi non repeiHtur instanUa con-^ ^^^ ^^' 
" tradictoria. It consists in ascribing the character of general 
" truths to all propositions which are true in every instance 
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Book V. " that we happen to know ol . . . In science it carries us 
^•^^- " but a little way. We are forced to begin with it ; we must 
" often rely on it provisionally, in the absence of means of 
^* more searching investigation. Bat, for the accurate study 
" of nature, we require a surer and a more potent instru- 
" ment" (IIL, iii., § 2). This " more potent instrument " is 
'' to be found in interrogating nature " by experiment, so as 
to find the conditions under which a phenomenon occurs. 
Induction The essence, then, of induction is, with Mill, a transcend- 

must tnui* •«>«• • • * • TV M ^ • I 

scend the u^ of the impressions given m ezpenence. He finds the 

TUshe justification of this process in the assumption of the principle 

justified by of the " uniformity of nature" {cf, § 142) which " will appear as 

^"uni.^ " the ultimate major premise of all inductions " (IIL, iii., § 1). 

Nature M ^^®n^ induction may, therefore, be expressed syllogistically 

a major thus — 

prendse. 

Under the same conditions the same event will always 

happen. 

Under conditions x y z, E has been found to happen. 

.*. Under conditions x y z, E will always happen. 

A single observation, therefore, will give us a valid induc- 
tion, if the analysis of the conditions is accurate and com- 
plete. Mill grants this incidentally (III., iii., § 3 <idfin.\ 
though the whole of his detailed treatment assumes that a 
plurality of instances is necessary. 
This prin. But, in accordance with Mill's general doctrine of inference 
ffiiby to- [««« § 138 (i.)i; § 143 (ii.) (c)] this general major premise— which 
duction by he afterwards identifies with the law of causation — ^** There 
m^tion^** is . . ." he says, ** no other uniformity in the events of nature 
i^^cttonf " t^*^ ***** which arises from the law of causation '' (III., xxi., 
of the same § 4, note) — ** is itself an instance of induction, and by no 
* ** means one of the earliest which any of us, or which man- 

"kind in general, can have made. We arrive at this 
"universal law, by generalization from many laws of in- 
" f erior generality. . . . As, however, all rigorous processes 
" of induction presuppose the general uniformity, our know- 
« ledge of the particular uniformities from which it was first 
" inferred was not, of course, derived from rigorous indue- 
1 First Edition, § 155 (i.). 
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" tioD, but from the loose and ancertain mode of indnotion Book V. 
^^per enumerationem stmplicem" (III., xxi., § 2), and the in- CtLtt* 
duction by which the universal law is derived from these 
prior generalizations is of the same kind {ibid,, § 3). Hence, 
it is seen that this major premise, which Mill holds to be and i^ 
" certain," and *' capable of imparting its certainty to all other doubly un- 
" inductive propositions which can be deduced from it" {ibid,), certain, 
is itself untrustworthy in a twofold degree ; for it is an in- 
ference, uncertain in its very essence, from other inferences 
of the same dubious character. Mill attempts to avoid this ^^^"^y^ *** 
conclusion by pointing out that " the precariousness of the dipendfl'on 
" method of simple enumeration is in an inverse ratio to ajJty""*'' 
'* the largeness of the generalization,'' and " the most ezten- 
'^sive in its subject-matter of all generalizations which 
"experience warrants, respecting the sequences and co- 
" existences of phenomena is the law of causation." *' It is 
" . . .an empirical law co-extensive with all human experi- 
"ence, at which point the distinction between empirical 
" laws and laws of nature vanishes, and the proposition takes 
"its place among the most firmly established as well aa 
" largest truths accessible to science " (III., xxi., § 3). This 
is true so long as we assume the uniformity of nature, but 
without that assumption it is altogether without meaning. 
Mill's argument on this point is, indeed, nothing but a ^"* *M8 
petitio principii. We are, he says, " to consider no minor question. 
" generalization as proved except so far as the law of causa- 
** tion confirms it" (ibid.\ and yet that law is to be derived 
from those very same minor generalizations which it is called 
upon to " confirm." 

Further, Mill limits the universality of the law of causa- Jf*^j^™*^ 
tion. He tells us: "Empirical laws • . . can only be received causation, 
'' as true within the limits of time and place in which they 
"have been found true by observation" (III., xvi., § 4). 
Therefore, as the law of causation is an empirical law, it 
" must be received not as a law of the universe, but of that 
" portion of it only which is within the range of our means 
" of sure observation, with a reasonable degree of extension 
"to adjacent cases " (III., xxi, § 4). Mill does not see that 
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Book V. this takes away all possibility of sore inference ** from the 
Oia^. « known to the unknown," or from one time to another. If 
and this we do not know the limits of time and space beyond which 
ducUon^'f ^^^ inferences may not extend, it is obvious we can do nothing 
""*nSd ^^^^ than describe what has happened ; we can never lay 
unpoBsibie. down any proposition as universally and necessarily true. 

It is evident, then, that Mill's doctrine of induction breaks 

down. It is, at bottom, as destitute of certainty as is the 

scholastic induction which he condemns ; for no process of 

inference can be of greater validity than the principle on 

which it is based ; and it is, moreover, full of inconsistencies 

and contradictions. 

Two incom- Throughout Mill's LogiCy indeed, we find two incompatible 

theories of *^®o^®s ®^ inference — first, that inference is based on resem- 

inference in blance between phenomena, and second, that inference is 

(1) from re- grounded in the essential conditions of phenomena. The 

fS^frSuM^ first which he calls "an universal type of the reasoning 

sentiai con- '*process *^ is thus Stated : " Certain individuals have a given 

itions. « attribute ; an individual or individuals resemble the former 

" in certain other attributes ; therefore they resemble them 

" also in the given attribute " (IL, iii, § 7). This is the 

foundation of his advocacy of the doctrine that " all inference 

**is from particulars to particulars" (tbid.^ § 4), and is 

expressed in several of his definitions of induction. The 

second is found in his actual treatment of induction. He 

tells us that *'to ascertain . . . what are the laws of causa- 

'' tion which exist in nature ; to determine the effect of every 

'* cause, and the causes of all effects, — ^is the main business of 

" Induction " (III., vi., § 3), and that the process " is in some 

*' sort a process of analysis," which is to be not only physical 

by experiment but mental ; " the mental analysis, however, 

*' must take place first." Moreover *' the extent and minute- 

^ ness of observation which may be requisite, and the degree 

" of decomposition to which it may be necessary to carry the 

*' mental analysis, depend on the particular purpose in view " 

(III., vii., § 1). Much of the Third Book is taken up with 

an exposition of * Methods ' of carrying out such an analysis 

(tee § 155). 
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In the former of these views Mill keeps fairly dose to his Book V. 
empiricist position, for it is easy to confuse mere resem- ^^^^ 
blanoe between phenomena with a succession of similar The former 
feelings in consciousness, especially when the word * pheno- pirioai, ^^ 
mena ' is used ambiguously to denote sometimes elements of 
reality known in their relations — ue. constituents of experi- 
ence as thought ; and sometimes mere sensuous impressions 
— ie. parts of experience as merely felt. But the latter hat the 
position is quite inconsistent with empiricism, for analysis of rationaL 
conditions — i.e. of relations — necessarily inyolves the S3m- 
thetic activity of thought and is, therefore, rational. The 
essential relations, as we have already seen, are those of 
identity, time, and space [see § 141 (iii.), 143 (ii.) (d)"], which 
are necessary in order that there may be objects to resemble 
each other. But our knowledge of these relations cannot be 
derived from the observation of resemblance, for resem- 
blance in respect to them can only be known when the 
objects so resembling are already related in space and time. 

The presence of these two unadjnstable views accounts These viewt 
for many of the inconsistencies with which Mill's work mui's incon. 
abounds. He generally denies, in accordance with his f unda- «*«*«°<^««- 
mental empiricist position, the part played by mind in form- He gene- 
ing conceptions to explain facts as observed. Thus, he ne^ of cu?- 
denies that Kepler's law of the elliptical orbit of Mars is an J^JfctiSn" 
induction ; it is, he says, only a description, and superadded 
nothing to the particular facts which it served to bind 
together ; ** the ellipse was in the facts before Kepler recog- 
*<nised it. • . . Kepler did not put what he had conceived 
"into the facts, but saw it in them "(III., ii., § 4). Of 
coarse, Whewell had no difficulty in pointing out that ^^ the 
" fact of the elliptical orbit was not the sum of the observa- 
" tions merely; it was the sum of the observations, seen under 
•*a new point of view, which point of view Kepler's mind 
** supplied. Kepler found it in the facts, because it was 
" there, no doubt, for one reason ; but also for another, 
"because he had, in his mind, those relations of thought 
** which enabled him to find it " (Phil, of Discovery, pp. 256-7 ; 
cf. (vi) below). Mill, however, says " this is to confound two 
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Book V. ^* very diffeient things. Invention and Proof," and *' Indue- 

^^^ " tion is Proof" (ibid., § 6), apparently forgetting that he had 

defined it as discovery and proof. He goes on, " The intro- 

"dnction of a new conception belongs to Invention. . . . 

^* But it is so far from constituting induction, that induction 

but cannot ^'does not necessarily stand in need of it" (ibid,), though he 

d^Muae^ had told us in the preceding section that " without the pre- 

witti them. « vious colligation of detached observations by means of one 

" general conception, we could never have obtained any basis 

" for an induction, except in the case of phenomena of very 

^limited compass'' (ibid., § 4). 

Thus, he cannot consistently exclude conceptions, and, as 

we have already seen he points out that the mental analysis of 

conditions is carried out with a "particular purpose in view." 

MUi denies To MilPs empiricism is also due his denial of the name 

^nemp - induction to the general propositions of mathematics, because 

eSetence^of "*^® truth obtained, though really general, is not believed 

Mathemati- " on the evidence of particular instances " (m., iL, § 2). It 

^j^nduo- jg^ ^1 course, really based on Mill's other ground of inference 

— the exact analysis of conditions. A good example of such 

Induction — which he calls "induction by connexion*' — ^is 

given by De Morgan : " As an easy instance, observe the 

" proof that the square of any number is equal to the sum of 

" as many consecutive odd numbers, beginning with unity, as 

"there are units in that number : as seen in 6x6=1+3+5 

" +7+9+11. Take any number, n; and write n n'a (repre- 

" senting a unit by a dot) in rank and file. To enlarge this 

"figure into (n+l)(n+iys, we must place n more dots at 

" each of two adjacent sides, and one more at the comer. So 

" that the square of n is turned into the square of n+1 by 

"adding 2n+l, which is the (n+1)th odd number. Thus 

" 100 X 100 is turned into 101 x 101 by adding the lOlst odd 

" number, or 201. If then the theorem alleged be true of 

**nxn, it is therefore trae of (n+1) x (n+1). But it is true 

" of the first number, 1x1 being 1 ; therefore it is true of 

" the second, or 2 x 2=1+3 ; therefore it is true of the third, 

" or 3 X 3=1+3+5 ; and so on" (Formal Logic, p. 212). 

To the presence of the two incompatible theories of in- 
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f erence is dne the uncertainty of view into which Mill falls Book V. 
on another important point. In one place adopting empiri- ^^^ 
cist ground he says : " I cannot concede that [the] recogni- Miu oontra- 
*'tion of the sufficiency of the evidence — that is, of these&Ltothe 
" correctness of the induction — ^is a part of the indaction ^^*^^ 
" itself " (II., iii., § 8) ; whilst later on, leaning to the the «#- 
rational position, he affirms that : *' It is the number and Sence in^ 
" nature of the instances . . . that makes them sufficient Eduction. 
"evidence to prove a general law" (III., ii., § 1), where, 
obviously, the recognition of the sufficiency of the evidence 
is regarded as essential to true inductive inference. 

One other inconsistency must be noticed. Mill first tells X^l^JJte* 
US, as we have seen, that the law of causation is " certain " ments of 
(III., xxi., § 3). He then points out that in addition to S^°SdS^ 
uniformities of causation, which are all uniformities of e^^cea*^" 
sequence, there are also " uniformities of co-existence," some laws of 
of which "cannot depend on causation " (III., xxii., §§ 1, 2). ^'^^^''^f 
These statements of co-existence — "those which we have 
" reason to consider as ultimate, no less than those which 
" arise from the laws of causes yet undetected ^ (ibid., § 7) 
are all merely empirical laws (ibid,, § 3), and depend upon 
induction by simple enumeration (ibid,, § 5), and therefore 
" are not to be presumed true except within the limits of 
" time, place, and circumstance, in which the observations 
** were made, or except in cases strictly ad jacent " (ibid., § 7). 
The origin of laws of uniformities of co-existence is, there- though they 
fore, exactly the same as that of laws of causation, and it Siume*(M^. 
would be as easy to frame a general axiom in the one case as 
in the other. This, however, Mill denies : " There is no 
*^ general axiom, standing in the same relation to the 
*' uniformities of coexistence as the law of causation does to 
"those of succession,*' and this deficiency "precludes the 
" application to the ultimate uniformities of coexistence, of a 
'^ system of rigorous scientific induction, such as the uni- 
" f ormities in the succession of phenomena have been found 
" to admit of " (ibid,y § 4). Hence, in the one case, accord- 
ing to Mill, a single application of simple enumeration can 
give no certainty, whilst in the other a double application — 
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Book Y. i.e. a double uncertainty — gives certainty. The importance 
chj[i. q£ ^Yie recognition of the necessity of uniformities of co- 
existence has been already pointed out [see § 143 (d)]. 
We may conclude these remarks on Mill's Logic in the 
Miu'flincon- words of Sigwart : ** Taking away with one hand what he 
prove the " gives with the other, Mill shows in the uncertainty of his 
of empS^ " views the helplessness of pure empiricism, the impossibility 
dsm. *^ of erecting an edifice of universal propositions on the sand- 

**heap of shifting and isolated facts, or, more accurately, 
*' sensations ; the endeavour to extract any necessity from 
" a mere sum of facts must be fruitless " (Logic, Eng. Trans., 
vol ii., p. 303). 

(vi.) WhewelL 

Whiweiire- The controversy between Mill and Whewell as to the 

^n as the^ nature of induction was partially due to different concep- 

whoie^pro- ^j^^g ^f j^ scope. With Mill "Logic is not the science of 

establishing " Belief, but the science of Proof or Evidence " (Introd., § 4). 

p^tions!^^ In accordance with this, when arguing against Whewell he 

restricts induction to proof {see v.) ; though he had previously 

defined it as "the operation of discovering and proving 

" general propositions '* (III., i., § 2), and though in his own 

treatment he adopts this wider view and discusses at length 

" The Four Experimental Methods " (see § 155) which he says 

"are the only possible modes of experimental enquiry" 

(III., viii., § 7). Whewell is more consistent, and treats 

induction throughout as the whole process of establishing 

As against general propositions. But his great point of disagreement 

sistsonthe with Mill was his insistence on the constitutive work of 

thOTight in t^^^'ig^* ^^ *^® attainment of knowledge. Mill's empiricist 

the attain- position — that perception is a mere passive reception of 

knowtedge. particular sensuous impressions— we have already discussed 

(see v.). In opposition to this, Whewell truly asserts : " All 

" perception of external objects and occurrences involves an 

" active as well as a passive process of the mind ; — includes 

"not only Sensations, but also Ideas by which Sensations 

" are bound together, and have a unity given to them. From 

" this it follows, that there is a difficulty in separating in our 
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" perceptions what we receive from without, and what we Book V. 
" ourselves contribute from within " (Novum Organon Reno- Ch^i. 
vatunij p. 51). It follows that "we cannot obtain a sure 
" basis of Facts, by rejecting all inferences and judgments of 
**our own, for such inferences and judgments form an un- 
'* avoidable element in all Facts. We cannot exclude our 
"Ideas from our Perceptions, for our Perceptions involve 
" our Ideas " {ibid., p. 53). We can, however, separate these 
elements by mental analysis. "We are not able, nor need we 
" endeavour, to exclude Ideas from our Facts ; but we may 
*^ be able to discern, with perfect distinctness^ the Ideas 
"which we include. We cannot observe any phenomena 
*' without applying to them such Ideas as Space and Number, 
" Cause and Resemblance, and usually, several others ; but 
" we may avoid applying these Ideas in a wavering or obscure 
*• manner, and confounding Ideas with one another '* {ibid., 
p. 54). Hence, he well observes in another place : *' At any Hence, he 
"... step of Induction . • . the inductive proposition is a J^jfe|^^*^, 
" Theory with regard to the Facts which it includes, while it opposition 
" is to be looked upon as a Fact with respect to the higher p^ct and 
" generalizations in which it is included. In any other sense Theory. 
*• . . , the opposition of Fact and Theory is untenable, and 
" leads to endless perplexity and debate. Is it a Fact or a 
" Theory that the planet Mars revolves in an Ellipse about 
" the Sun ? To Kepler, employed in endeavouring to com- 
"bine the separate observations by the Conception of an 
*• Ellipse, it is a Theory ; to Newton, engaged in inferring 
" the law of force from a knowledge of the elliptical motion, 
**it is a Fact. There are ... no special attributes of 
*' Theory and Fact which distinguish them from one another. 
" Facts are phenomena apprehended by the aid of conceptions 
** and mental acts, as Theories also are. We commonly call 
" our observations Facts, when we apply, without effort or 
" consciousness, conceptions perfectly familiar to us : while we 
" iipeak of Theories, when we have previously contemplated 
" tlie Facts and the connecting Conception separately, and have 
" made the connexion by a conscious mental act " (ibid., p. 116). 
In agreement with this fundamental position, " Induction 
LOG. II. 4 . 
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Book V. " is a term applied to describe the process of a tme Colliga- 

Ch^i. « tiQji Qf Facts by means of an exact and appropriate Concep- 

The emence " tion. An Induction is also employed to denote the proposi- 

te Se'J^m! " '«o« which results from this process" (ibid,, p. 70). It 

g^JP <>' follows that such a formula of Inductive Logic, as " * These 

appropriate " particulars, and all known particulars of the same kind, are 

tioS/^^ " exactly included in the following general proposition,' . . . 

** is not sufficient : for the particulars are not merely included 

*' in the general proposition. It is not enough that they 

*' appertain to it by enumeration . . . the Inductive step 

"consists in the suggestion of a conception not before 

"apparent. . . . Hence our Inductive Formula might be 

* something like the following : * These particulars, and all 

" known particulars of the same kind, are exactly expressed . 

" by adopting the Conceptions and Statement of the f ollow- 

"ing Proposition'" (ibid,, pp. 110-1). Or better, as a 

perfectly carried-out Induction can give a conclusion of 

demonstrative certainty : " The several Facts are exactly 

" expressed as one Fact, if, and only if, we adopt the Ooncep- 

'* tion and the Assertion of the inductive inference " {ibid., 

p. 113). The important point, then, is that " in every infer- 

** ence by Induction, there is some Conception superinduced 

" upon the Facts : and we may henceforth conceive this to 

" be the peculiar import of the term Induction " {ibid,, p. 74). 

ThisiB riffht Now, as Green well points out : " All science may rightly be 

int^TOti, " described as progressive * colligation of facts ' through 

'^ superinduction of conceptions if it be understood (a) that 

" * conception ' means relation, which is rightly called * con- 

"ception ' because it is constituted by the combining action 

^* of thought upon a manifold ; (b) that every fact is consti- 

*' tuted by such a superinduction ; (c) that thus the coUigat- 

" ing conception does not exist in our minds before or apart 

"from its existence in fact; {d) that that on which it is 

** superinduced is not the fact as it really is, but either 

" (1) feelings on the part of us who feel before we understand, 

" or (2) a fact as yet imperfectly conceived by us, not con- 

" ceived in the fulness of its relations " {Phil. Works, voL ii., 

pp. 288-9). But " Whewell . . . spoils bis own case [against 
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** Mill] by often writing as if the antithesis between ideas Book V. 

" and facts were a valid one ; as if the * superindoction of Ch^i. 

^^ ideas' npon facts were merely an operation that had to be 

" performed ex parte nostra in order to give science " («6i</., 

p. 285). Interpreted truly, WhewelPs doctrine is practically and agreoi 

the same as that which Mill adopts when he regards infer- inferenoe" 

ence as the determination of the exact conditions of pheno- ^3;d«t«r- 

^ iDiiiing^ con 

mena. WhewelFs controversy, then, is with liliirs general ditions. 

empirical position, not with the incompatible rational theory 

which is also present in Mill's Logic [see (v.) above]. 

Now the conceptions by which facts are to be * colligated ' whewell's 
are hypotheses, and these "may be useful, though involving ^j^^°^ 
" much that is superfluous, and even erroneous ; for they hypotheses, 
*' may supply the true bond of connexion of the facts ; and 
" the superfluity and error may afterwards be pared away '• 
(Whewell, op. cit,^ p. 70). They should, however, be which are 
rigorously compared with facts and rejected if they do not ^ agree- 
stand this test {iUd,), One important aspect of such testing gj^ '^^^^ 
is that " our hypotheses ought to foretell phenomena which 
" have not yet been observed ; at least all phenomena of the 
'* same kind as those which the hypothesis was invented to 
" explain " {ihid,^ p. 86). Especially important is the case 
when '^ the hypotheses which were assumed to account for 
" one class of facts are found to explain another class of a 
** different nature " (»6uf., p. 95). This Whewell calls " the ^ e»P®ci- 
" Consilience of Inductions from different and separate classes • consilience 
" of facts," and he points out that this tends to " SimpUfica- ^^^''' 
" iion of the Theory, . . . For if these Inductions, collected 
** from one class of facts, supply an unexpected explanation 
** of a new class . . . there will be no need for new machinery 
" in the hypothesis to apply it to the newly-contemplated 
^^ facts. . . . The Consiliences of our Inductions give rise 
"to a constant Convergence of our Theory towards Sim- 
**plicity and Unity " {ibid,, pp. 95-6). 

This being the nature of the inductive process, " the The Lo«ric of 
^^ Logic of Induction consists in stating the Facts and the the criterion 
" Inference in such a manner, that the evidence of the jjr^from 
** Tnference is manifest" (ihid,^ p. 97), and, therefore, "The facts. 



Digitized 



by Google 



62 INDUCTION. 

Book V. " Logic of Induction is the Criterion of Truth inferred from 

Ch^i. « Y^cis " {ibid., p. 98). This statement of facts and inferences 

should be set out in * Inductive Tables ' in which the " steps 

" of induction or of generalization " are arranged in succession, 

" 60 as to form a genealogical Table of each Induction, from 

"the lowest to the highest" (ibid,). 

There are In inductive inference there are two stages, which must 

o7in*^five °ot be confused. ** Inductive truths are of two kinds, Laws 

?mndu°^~ "of PAenomena, and Theories of Causes. It is necessary to 

tion of ** begin in every science with the Laws of Phenomena ; but 

(^Unduc- " ^* ^8 impossible that we should be satisfied to stop short of 

Ca^M " * Theory of Causes " (ibid., p. 118). 

The former process "may be considered as containing 

S^^thJ^^"^ " ^^^^^ s*®PS» w*^^®^ ^ shall term the Selection of the Idea, the 

sta^s— " Construction of the C<mception, and the Determination of the 

olidea.^ ^^ '''Magnitudes. . . . By the word /rfea (or Fundamental Idea), 

tion*?/ Con" ' ^^^^ ^^ ^ peculiar sense, I mean certain wide and general 

ception. " fields of intelligible relation, such as Space, Number, Cause, 

nation ^o™ *' Likeuess ; while by Conception I denote more sptcial 

Magnitude, u modifications of these ideas, as a circle, a square number, a 

^^ uniform force, a like form of flower. Now in order to 

" establish any law by reference to facts, we must select the 

" true Idea and the true Conception'' (ibid., p. 187). Finally, 

if the resulting law is quantitative, the exact measurement 

must be determined. As to the first step, "no general 

" method of evolving such ideas can be given " (ibid., p. 192). 

Their discovery is due to " happy guesses " which are then 

tested by comparison with the facts. The second step and 

the third are not altogether separable : " The Construction of 

" the Conception very often includes, in a great measure, the 

" Determination of the Magnitudes" (ibid., p. 195). "In this 

'* case also, the mode of arriving at truth is to try various 

" hypotheses ; — to modify the hypotheses so as to approxi- 

" mate to the facts, and to multiply the facts so as to test 

•*the hypotheses" (ibid., p. 196). For exactly determining 

quantitative relations, Whewell gives four Methods — (1) of 

Curves, (2) of Means, (3) of Least Squares, (4) of Residues 

(cf. ibid., pp. 202 219) ; whilst for determining qualitative 
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relations, "depending on resemblance " he gives the Methods Book V. 
of Gradation and of Natural Classification. Finally, the laws ^^ "• 
thus ascertained are to be verified by observation and experi- These must 
ment {ibid,, pp. 233-246). It will be noticed that Whewell b^'^^K 
makes the inductive process seem needlessly complex by the **<>°- 
distinction he draws between Ideas, Conceptions, and Deter- 
mination of Magnitudes. Put more simply his doctrine of 
method is practically the same as that of Newton [see (iv.) 
above], and resolves itself into the gradual determination by 
meaus of the analysis of facts of the exact form a hypothesis 
should take, and the subsequent verification of that hypo- 
thesis by a further appeal to facts. Whewell, however, 
emphasizes throughout the very element which Newton 
passes over with least notice, viz., the part played by the 
mind in constructing the hypothesis. 

The final process is the induction of causes. Here Whewell There are no 
tells us " we can no longer lay down any Special Methods by SSiods for 
" which our procedure may be directed. . . . The principal {{j^n^f "^' 
" Maxim in such cases of Induction is the obvious one : — causes. 
'Hhat we must be careful to possess and to apply, with 
'' perfect clearness and precision, the Fundamental Idea on 
" which the Induction depends " (ibid., p. 248). We must, 
in other words, know the exact conditions which our hypo- 
thesis must satisfy, the exact scope of the empirical laws 
whose operation it has to explain. And we are to push our 
inductions as far as possible. "The first Induction of a 
** Cause does not close the business of scientific enquiry. 
** Behind proximate causes, there are ulterior causes, perhaps 
^* a succession of such. . . . This enquiry after ulterior causes 
'* is an inevitable result from the intellectual constitution of 
"man^CtJid., p. 250). 

(Tii) Jevons. 

Jevons' theory of induction is founded upon a thoroughly /<wm« starts 
empirical view of the universe, and is, consequently, itself of em^a^i 
the same empirical character. " Nature,** he says, *' is to us ^jyerse **^ 
*Mike an infinite ballot-box, the contents of which are being 
** continually drawn, ball after ball, and exhibited to us. 
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^ Science is but the careful observation of the succession in 
"which balls of various character present themselves" 
{Principles of Science, p. 150). In accordance with this view, 
induction is, with him, essentially enumerative, and only the 
result of a " perfect " induction—" when all the objects or 
"events which can possibly come under the class treated 
" have been examined " — is certain. " But in the majority 
"of cases it is impossible to collect together, or in any way 
" to investigate, the properties of all portions of a substance 
" or of all the individuals of a race. ... In all such cases 
" induction is imperfect^ and is affected by more or less nn- 
" certainty " {ibid,, p. 146). On this point he is very emphatic. 
" There is no fact," he tells ns, " which I shall more constantly 
" keep before the reader's mind in the following pages than 
"that the results of imperfect induction, however well 
** authenticated and verified, are never more than probable ** 
(ibid,y p. 149). Keeping to the ennmerative view of induction 
he bases the whole process on the mathematical theory of 
probability, the very essence of which is that it merely counts 
instances and absolutely ignores their character (see § 157). 
" I am convinced," he says, " that it is impossible to ex- 
" pound the methods of induction in a sound manner, with- 
•*out resting them upon the theory of probability" (tWrf., 
p. 197). This is the weak point in Jevons* doctrine, and it is, 
unfortunately, a vital one from a philosophical point of view. 
Induction, as we have already urged {see § 142), must be 
based upon the conception of nature as a systematic unity. 
From this it follows that by the determination of relations 
in that system we can attain certain and universal knowledge. 
But on Jevons' theory true knowledge is impossible ; we can 
only reach probability, and probability is expectation. In 
this respect, Jevons' doctrine is inferior to WhewelFs. 

Jevons' theory of the method of induction, however, is in 
its main features the same as that of Whewell. He thus 
states it : "All inductive reasoning is but the inverse appli- 
" cation of deductive reasoning. Being in possession of 
"certain particular facts or events expressed in propositions, 
« we imagine some more general proposition expressing the 
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" existence of a law or cause ; and, deducing the particnlaf Book V. 
" results of that supposed general proposition, we observe ^•^^' 
'* whether they agree with the facts in question. Hypothesis andinvolTes 
'' is thus always employed, consciously or unconsciously. The theuM of^ 
" sole condition to which we need conform in framing any ^ypotJieei*. 
" hypothesis is, that we both have and exercise the power of 
^^ inferring deductively from the hypothesis to the particular 
^' results, which are to be compared with the known facts. 
^' Thus there are but three steps in the process of indue* 
*' tion : — 

" (1) Framing some hypothesis as to the character of the 
" general law. 

'* (2) Deducing consequences from that law. 

" (3) Observing whether the consequences agree with the 
" particular facts under consideration " {ibid,, pp. 265-6). 

146. Doctrine of Induction, 
(i.) Basis and Aim of Induction. 

Throughout the examination of the development of the indootiTe 
doctrine of induction which has occupied us in the last starto v^ 
section, it has been evident that there is a general agreement ^ particu- 
that induction is essentially an analysis of the process by 
which a universal judgment about reality can be established, 
and that this process starts with the particular. Indeed this 
is necessarily so. For it is only in experience that we come 
into contact with reality [see § 141 (iii.)], and experience is 
always of the concrete ; i.e. of objects and events presented 
to us in varying degrees of isolation. In the apprehension 
of these concrete elements of experience, however, we have 
already the constitutive work of thought, organizing and 
systematizing sensuous impressions. The whole process of 
inference is but an extension of this synthetic activity of 
thought. But this process may be regarded in two ways. No univer- 
There is the empirical view which sees the essence of SdJ^^'i,© 
generalization in the enumeration of instances, and finds its ^^®^ 
ideal in the complete summation of a ' perfect ' induction, merationi 



Digitized 



by Google 



56 



INDUCTION. 



Book V. 

Ch. II. 



for enumer* 
ation neg- 
lects rela* 
tiona. 



The parti- 
cular ex- 
presses the 
imiversaL 



This, as we have seen, was the doctrine of the scholastic 
logicians, and was adopted by Jevons. Nor did Mill ever 
break entirely free from it. He acknowledges, indeed, that 
a single experiment may yield a general truth (III., iii., § 3), 
bat he continually speaks of, and treats, number of instances 
as an essential aspect of the data of induction. Even Whewell 
is, apparently, not altogether devoid of the same idea, for 
with him * colligation of facts ' is the starting point of scien- 
tific inference. The necessary outcome of this doctrine is 
scepticism, for it really denies the possibility of true know- 
ledge at aU. True knowledge is knowledge of the necessary 
and universal laws of reality. But even when a complete 
enumeration of instances is attainable the knowledge arrived 
at is only empirical ; we can say that this has been and is, but 
not that it necessarily must be. Its fullest possible expres- 
sion is the general proposition Every S is P, not the generic 
judgment 8 is P — which alone is the true justification of such 
a proposition — or the hypothetical judgment If 8 is A/, it is P; 
and these latter alone express necessity {see § 82 ^). More- 
over, in no cases of importance is a complete enumeration 
attainable, and the ideal then becomes an infinite series. In 
this case nothing more than probability even as to simple 
empirical matter of fact can be attained ; we are not justified 
even in asserting Every 8 is P, but, strictly speaking, only 
Every 8 may be P; which is formally only equivalent to the 
particular proposition Some 8's are P. Hence, from mere 
number of instances we can never reach universal truth. 
Enumeration neglects the fundamental fact that nothing 
exists in isolation, that the very essence of the existence of 
each particular lies in the relations which connect it with other 
elements in the systematic unity of reality. Hence, every 
concrete particular is an expression of the universal, and it is 
only when we thus apprehend experience that knowledge 
becomes possible. The particular can be understood only 
when it is regarded as the necessary expression of universal 
law, and the possibility of apprehending such law is a presup- 
position of all induction (cf. §§ 141-4). The universal, then, 
does not derive its validity from the particular instancee^ but 
^ First Edition, § 88. 
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is recognized as present in them. This, as we saw above, was Book V. 
impUed by Aristotle [see § 145 (i.)]. ^^^• 

But no particular of experience is merely the expression The data of 
of one law. All the data of experience are concrete, and as Jj^^^^*^ 
concrete are exceedingly complex, and every element in this piex, 
complexity is the necessary expression of law. In other 
words, every universal law is, in its manifestation, bound up 
with irrelevant details which may be different in every case. 
The universal identity is thus only expressed amidst diversity. 
Consequently, the process by which we reach the knowledge and general 
of the exact form of any law of relation is one of analysis, b^'^^h^^ 
and as such offers abundant opportunities for error. The ^7 anaiysia, 
relations as we conceive them in thought may not agree with 
the relations as they exist, and then we sooner or later 
come to contradiction in our experience and the necessity for 
a revision of our mental construction. It is in this necessity 
for an analysis, which throughout implies abstraction and the 
consequent liability to error, that the advantage of a plurality and to this 
of instances is found. For the form of any universal law is pJ5^^^°*' 
often more clearly and easily seen when comparison of a^i aid* 
instances which are known, or believed, to exemplify it enables 
the observer to disregard unessential elements in each con- 
crete particular. It is here that number of instances has a 
place in induction. They assist us in analysing the conditions 
of the given, but it is from those conditions, and not from the 
instances as such, that the inference is made. If the condi- 
tions can be exactly ascertained in a single instance — as in 
the case of many chemical experiments — then no plurality of 
instances is needed, unless, indeed, there is some doubt as to 
the accuracy of the experiment, when, of course, its repeti> 
tion may be necessary to remove that doubt. The only cases 
in which an inference is made from number of instances as 
such is when it is impossible — at any rate for the time— to 
ascertain the conditions of the phenomenon in question ; and 
then the inference is not inductive, but belongs to the domain 
of mathematical probability. 

We see then that the aim of induction is knowledge of Summary. 
Duiversal laws ; that such laws ar© abstract, for concrete 
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Book V. reality only presents ns with them encambered with ex- 
ctuH. traneons detail ; that, conseqaently we can reach them only 
by an analysis of the given, and in this analysis comparison 
of instances may be helpfal bnt is not essential ; that ab- 
straction offers opportunity for error, and that, therefore, the 
form in which we think nniversal laws may be subject to 
modification, till they are conceived as consistently inter- 
related within a system. The expression of the laws which 
result from induction, therefore, advances from the generic 
judgment which expresses the necessary content of instances 
of concrete reality, to the abstract hypothetical judgment, or 
the disjunctive judgment, each of which expresses necessary 
universal relations within a system. 

We may then define Induction in the words of Dr. Bosan- 
quet : " Induction ... in its most general sense consists in 
" satisfying the principle of sufl&cient reason by an analysis 
" of experience, directed to revealing the true coherence of 
"differences within universals" (LogiCj vol. ii., p. 118). 

(ii.) Method of Induction. 
The Method From what has been said it is obvious that the method of 
is the forma- induction cousists throughout in the framing of hypotheses 
testing of ^^ explain the phenomena given in experience, and the veri- 
Lypotheses. fication of those hypotheses by constant appeal to facts. For, 
if the universal is not derived from, but is exemplified in, the 
particular ; if it is in the facts, and by its very presence gives 
meaning to those facts ; then it follows that every attempt to 
organize experience, i.e, to constitute reality for ourselves, is 
the formulation of a supposition as to what the universal 
law of relation is which is exhibited in the particular pheno- 
mena before us. And such a supposition is a hypothesis. 
Further, as the very nature of mind impels us to unify our 
experience, and as this can only be done by reaching a con- 
sistent view of the universe as a system, it results that 
advance in knowledge involves clearer apprehension of the 
exact nature of the universal relations within this system, 
and of their connexion with and dependence upon each other. 
And this means giving greater exactness to the form of our 
hypotheses, till by their exact agreement with knowQ reality 
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their absolute truth is established. Induction is, therefore, Book V. 
an inverse process ; it is the finding major premises when the ^^ ^ 
conclusions are given. This is, it will be seen, substantially induction u 
the view taken by Whewell and Jevons. It is in opposition vene^pio- 
to the doctrine of Bacon and his empiricist followers, but is ^^®"*' 
accepted by Dr. Bosanquet, Sigwart and De Morgan. Jevons, 
indeed, was wrong in basing his theory upon enumeration 
of instances, instead of upon connexions of real content. 
As a result he made the inverse process much more indeter- 
minate than, according to our view, it really is ; for with him 
it depended upon the exclusion of alternative hypotheses, 
whose number was determined, not by analysis of reality 
but, by a formal calculation of mathematically possible com- 
binations. And as a further result, as the ideal of enumera- 
tion is the unattainable infinite series, his conclusions could 
never attain certainty. In opposition to this, the view here 
advocated is that the possibility of every hypothesis must be 
determined by a careful analysis of content. 

This method is, in its essential features, what Mill calls the tmb Method 
" Deductive" Method (Logic, III., xi.) to which, however, he ^J^n-s 
gives too limited an application, regarding it as applicable IPt^^^® 
only to the more complex phenomena where several causes 
combine to produce an effect. The laws of these separate 
causes should, he says, be first determined by induction, ue, 
by an application of the experimental methods, then follows 
deductive reasoning to determine ''what effect any given 
^combination of those causes will produce'' (ibid., § 2). 
Finally there is verification by comparison with specific 
experience. Mill grants, moreover, that '' to the Deductive 
^ method . . . the human mind is indebted for its most con- 
** spicuous triumphs in the investigation of nature " (ibid,, § 3). 
He, however, refuses to call this process ' Induction,' which 
name he restricts to the process of generalizing from expe- 
rience, and even the recognition of its validity is essentially 
inconsistent with the doctrine advocated throughout the 
greater part of his book. 

The essence of the method, and its opposition to that of 
empiricism, is clearly put by De Morgan : ** Modern dis* 
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Book V. "coveries have not been made by large collections of facts 

Chj[i. it ^j^j^ subsequent discussion, separation, and resulting de- 

i^Morgan's " duction of a truth thus rendered perceptible. A few facts 

of inductive *' have suggested an hypothesis^ which means a supposition 

method. * proper to explain them. The necessary results of this 

*' supposition are worked out, and then, and not till then, 

^' other facts are examined to see if these ulterior results are 

^' found in nature. The trial of the hypothesis is the special 

*^ olject ; prior to which hypothesis must have been started, 

" not by rule, but by that sagacity of which no description 

" can be given, precisely because the very owners of it do not 

'* act under laws perceptible to themselves. The inventor of 

" hypotheses, if pressed to explain his method, must answer 

" as did Zerah Colbum, when asked for his mode of instan- 

" taneous calculation. When the poor boy had been bothered 

'* for some time in this manner, he cried out in a hufp, ' God 

" * put it into my head, and I can't put it into yours.' Wrong 

"hypotheses, rightly worked from, have produced more 

'' useful results than unguided observation. But this is not 

" the Baconian plan. . . . What are large collections of facts 

"for? To make theories /rom, says Bacon ; to try ready- 

" made theories &y, says the history of discovery '* {Budget of 

Paradoxes, pp. 55-6). 

steps of in- xhe essential steps in the inductive method then are : — 

ductive 

method. (]) The formation of a hypothesis suggested by a first 

observation of facts. 

(2) The deduction of the consequences of this hypo- 

thesis. 

(3) The testing of these consequences by a careful 

analysis of phenomena. 

(4) The consequent exact definition of the hypothesis, 

whi^ then, as expressing the true universal nature 
of reality, is verified and received as an established 
theory or law. 

(ai.) Belatioiw>fIndTl^tlon to Deduction. 
It \b evident frbm the above that there is no opposition 
between deductive aii^nductive reasoning. Such antithesis 
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is only possible when iudaction is regarded as foanded on Book V. 
enumeration; and this, as we have seen, can give us no Ch^i. 
truly universal propositions, and, if it could, would render inductive 
syllogistic reasoning fallacious (««« § 139 ^). But on the view {S^Sl o? ^ 
of inductive method which is here set forth it \a evident that ^^?**7® 
the inference is based on deductive principles throughout. 
It is a derivation of conclusions from hypothetical premises, 
'* and nothing," as Dr. Bosanquet says, " can be more deduc- 
*' tive than the connexion of a hypothesis with the conse- 
"quences by which it is verified" {Logic, vol. ii., p. 119). 
Every method of induction, indeed, in so far as it consists in 
analysis of the given, includes deductive inferences. Thus 
we saw above \see § 145 (iii)] that the inference involved in 
Bacon's method of exclusions is deductive, and the same is the 
case with Mill's methods of experimental enquiry (see § 155). 
But there is, nevertheless, a distinction of aspect between The di^tinc- 
indaction and deduction. In induction, reality presents J^gg^^. 
itself in concrete and partially isolated instances, and the duction aod 
task of inference is to discern the universal which is more one" f ^^ 
or less hidden in those instances. In deduction, on the ^P«<^ 
other hand, reality presents itself in its universal aspect, and 
the task of inference is to trace the presence of that universal 
in the differing and complex instances of its manifestation. 
The distinction is, therefore, solely one of the order in which 
the two aspects of reality are presented to us ; and this 
difference can have no effect upon either reality itself or 
our final conception of it, when we know it in both its 
aspects. 

» First Edition, § 166. 
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CHAPTER IIL 

ORIGIN OF HYPOTHESES. 

Book V. 1^7. Suggestion of Hypotheses. 

Ch. III. 

— (i.) Meaning of Hypothesis. 
Definition As '^ Hypothesis is a name that may be applied to any con- 
th^S^ " caption by which the mind establishes relations between data 
^' of testimony, of perception, or of sense, so long as that con- 
*' ception is one among alternative possibilities, and is not re- 
" ferred to reality as a fact" (Bosanquet, Logic^ vol. ii., p. 155), 
Hypotheses the need for a hypothesis may be forced upon ns by any 
fin^ to^** element in our experience. Indeed, we are continually f orm- 
scienoo. jng hypotheses. Every supposition we make so as to account 
for any event whatever is a hypothesis. No doubt, it is 
customary to restrict the name to suppositions made in the 
scientific investigation of any subject; but these do not 
differ in original character from the hypotheses of common 
life. The difference comes in later ; the hypotheses of every- 
day life answer their purpose in a more or less rough and 
In scientific imperfect form, but the hypotheses of scientific thought need 
S^thesos *^ ^® determined as completely and accurately as possible, till 
must be at length they satisfy all the demands made upon them as 
explanations of actual phenomena, and are accepted as 
demonstrated and established theories. To such hypotheses 
our discussion will be confined, for logic deals only with 
scientific— i.e. with exact and accurate — ^thought. It must 
be remembered, however, that, as Clifford reminds us, 
^' Scientific thought does not mean thought about scientific 
" subjects with long names. There are no scientific subjects. 
** The subject of science is the human universe ; that is to 
*< say, everything that is, or has been, or may be related to 
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"man" (Essays^ p. 86). In scientific thought — no matter ©ok BV. 
what the subject matter may be — every regularity orirregn- Ch^L 
larity in the occurrence of events, for which no reason is 
apparent, every imperfectly understood or unexplained fact 
is a call for a hypothesis. And every hypothesis is a guide 
to further enquiry till the ultimate goal of explanation is 
reached ; for, as Herschel says : " We must never forget that 
" it is principles, not phenomena, — the interpretation, not the 
" mere knowledge of facts, — ^which are the objects of enquiry 
" to the natural philosopher " {Natural Philosophy, § 10). 

(ii) Forms of Suggestion of Hypotheses. 

Hypotheses, then, may be suggested in various ways, but Hypotheses 
these may be reduced to three main classes : — ^tedfby— 

(a) By Enumeratire Induction. Every observed regularity (i) Bnumer- 
of connexion between phenomena suggests a question as to ^^^ ^^' 
whether it is universal. Thus, to take a simple example 

from mathematics — it is easily seen by simple inspection 
that 1+3=22, l+3-|-5=3«, and so on. This suggests the 
hypothesis that in every case the sum of the first n odd 
numbers will be equal to nK Such a hypothesis may be 
tested by additional examples, and as it is found to hold in 
a continually increasing number of cases, the probability of 
its holding universally is strengthened. But it can never be 
more than an empirical law — t.e., a description of what rela- 
tion actually does hold — until its necessity is established hy 
a consideration of the essential properties of numbers, and 
this takes us beyond mere enumeration [see § 145 (v.)]. 

(b) By Conversion of Propositions. Whenever a universal (2) Conver- 
connexion is established between phenomena, we are led to p^^uons. 
enquire whether it is reciprocal, and this, again, is an enquiry 

which can only be answered by such an analysis of content 
as will bring to light the exact grounds of the connexion. 
Thus, every conversion of an A proposition, suggests a 
hypothesis. Formally, of course, we can only convert Every 
Sis P to Some Fs are 8 [see § 102 (ii.) (a)^]. But, as Some is 
quite indefinite, and may, in fact, be all [see § 71 (ii.)^ we have 
the suggestion that Every P may be 8. This will hold if the 
1 First Edition, § 115 (ii.) (a). « First Edition, § 78 (ii.). 
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Book V. connexion of P with S is grounded in the very essential nature 

_1_ • of 5, and not in^some nature common not only to S but to 

The aim of other classes of phenomena. As science aims at discovering 

science is to , . . ji . . i i . . , 

establish tbis essential ground, it only reaches its goal when it estab- 
r^tSS^? lishes such reciprocal relations. For instance, the relation 
between gold and aqua regia is only made definite when it is 
established, not only that gold is dissolvable in that acid, but 
that it is similarly affected by no other substance. In con- 
trast with this we may take the common proposition *All 
men are mortal.' The simple conversion of this would be 
* All mortal beings are men.' As experience teaches us this 
is not true, it is evident that the ground of mortality is not 
to be found in those attributes of humanity which distinguish 
men from other organic beings. The search for a reciprocal 
relation will be satisfied only when the essential ground of 
mortality is explicitly conjoined with it in the judgment, and 
this is the case when we state that ' All living organisms are 
'subject to death,* the simple converse of which is also true. 
Similarly, a hypothetical proposition does not formally 
admit of simple conversion, i.e., the assertion of the con- 
sequent does not warrant the assertion of the antecedent 
— If S is M, it is P will only give us the suggestion If P is M, 
it may he 8 (see § 105 ^). Here then, is a new hypothesis 
pointing out a new line of investigation. If it is proved 
that the one essential ground of the connexion between 
P and 8 is M, then the reciprocal relation is established. 
For example, * If a triangle is right-angled the middle 
point of the hypotenuse is equidistant from the three 
vertices' is equally true when simply converted, for the 
ground of the relation is found in the fact that right-angled 
triangleg, and those only, are inscribable in a semicircle. 
But, in every case, the reciprocal relation can only be 
established by a new line of enquiry, it cannot be reached 
by mere formal inference. Hence, the simple conversion of 
affirmative universal propositions always suggests a new 
hypothesis, i.e., points out the possibility of a new relation 
whose actuality must be solved by a new process of enquiry. 
(3) Analogy, (c) By Analogy, liut analogy is the chief source from 

1 First Edition, § 119. 
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which new hypotheses are drawn. Indeed, it would not be Book V, 
too much to say that all hypotheses which offer an explana- ^^- ^^^' 
tion— as distinct from a mere description — of phenomena, 
take their rise from analogy. A relation which is already 
familiar in one class of phenomena suggests the direction 
in which to look for the explanation of a new set of 
phenomena which bear some resemblance to the former. 
As Lotze says : "A successful hypothesis is always due to 
" the attention paid to analogies " (Logic, Eng. Trans., vol. ii., 
p. 95). 

The origin of the hypothesis may sometimes have a Acoidentar 
largely accidental character. For example, the laws of the law iJ^*^^ ° 
internal structure of crystals were suggested to Haliy by ffuijed by 
his observing that in a crystal accidentally broken the 
fracture showed regular geometrical faces. Similarly, 
*^ Mains chanced to look through a double refracting prism 
^< at the light of the setting sun, reflected from the windows 
" of the Luxembourg Palace. In turning the prism round, 
"he was surprised to find that the ordinary image dis- 
" appeared at two opposite positions of the prism. He 
" remarked that the reflected light behaved like light which 
" had been polarized by passing through another prism. 
"He was induced to test the character of light reflected 
" under other circumstances, and it was eventually proved 
" that polarization is invariably connected with reflection *' 
(Jevons, Prin. of Sc., p. 530). This latter case shows very 
clearly that, though accident had a share in the discovery 
of the connexion of polarization with reflection, yet it was 
an accident that would only have occurred to a student of 
optics. And so it is generally in such cases. The accidental 
occurrence would be unnoticed by a mind not stored with 
knowledge of cognate classes of phenomena, but to such a 
mind it is rich in suggestion, because numerous analogies 
are ready at hand to offer a possible explanation. 

In other cases the problem requiring solution may be due The pro- 
to some unexplained residual part of a phenomenon. Thus, soi^ednw^ 
the deviations of Uranus from its predicted orbit showed ^'!^^*^S*^ 
that the whole phenomenon was not accounted for. Analogy nomenon. 

liOG. n, 5 
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Book V. with the deviatioiiB in the orhits of other known planets 
Ch^^m. (5au8ed by their influence on each other led to the hypo- 
thesis that a planet as yet undiscovered existed, whose orbit 
was further removed from the sun than was that of XJranas ; 
a hypothesis which was proved correct by the discovery, in 
1846, of Neptune. 
ApiuraUty Sometimes various analogies may suggest a plurality of 
thesesmay hypotheses, which must be successively tested till all but 
^t6§ ^^® *^®' ^y disagreement with the facts, rejected. These 
alternative hypotheses may be simultaneously or successively 
suggested, but only one is taken up at a time. Thus Kepler 
records that ho advanced nineteen hypotheses which he 
afterwards disproved, before he arrived at the true state- 
ment of the laws of planetary motion. He was misled by 
false analogies ; *' his favourite and long studied theory," 
says Jevons, "was founded on a fanciful analogy between 
" the planetary orbits and the regular solids " (^Pr, of Sc, 
p. 578). Had the study of Algebra been in a more advanced 
state at Kepler's time than it actually was, it is probable 
that he would much sooner have hit upon his third law — 
that the squares of the periodic times of the several planets 
are proportional to the cubes of their mean distances from 
the sun — for it is in algebra that the true analogy is found. 
But, as Whewell says, in a passage which shows clearly how 
analogy suggests hypotheses : " The process of connecting 
"two classes of quantities by comparing their potpers is 
" obvious only to those who are already familiar with general 
"algebraic views" (Hist, of Ind, Sciences, vol. i., p. 323). 

The logical character of the second of these three modes 
of suggestion of hypotheses has already been considered 
[see §§ 102 (ii.); 105 ^j. We will now discuss that of Enume- 
rative Induction and of Analogy. 

148. Enumerative Induction.^ 
(i.) Logical Character. 

Inductive Inference does not start from perfectly un- 
organized experience. The impressions received through 

1 First Edition, §§ 115 (ii.) ; 119. 

' The treatment of the next two sections is based on that of 
Pr. Bosanquet {Logic, Bk. ii., ch. ii. and iii.). , . . 

Digitized by VjOOQIC 



OBIGIN OP HYPOTHESES. 67 

the senses are already synthesized into perceptions of objects Book V. 
and events, and these are classified on the basis of common Ch^^HL 
attributes found amongst individual differences and pecu- induction 
liarities. Moreover, the classification is embodied in language, ^i^^^. ^ 
so that in the natural acquirement of language is involved a ^SSld? 
tacit reception of much of the first stage in the systematiza- language, 
tion of knowledge. It is the denoting different indivi- 
duals by a common name that forces upon us the first recog- 
nition of a common nature, and leads to the beginning of 
conscious inference. Particular individuals, a, b, o, d, thus and starts 
classed together by language under the common name 8, are ^ ^^ 
observed to possess a common attribute P, not known to 
belong to 8, as such, and the question is suggested whether 
every other member of the class 8 also possesses this same 
attribute. Now this extension can only be logically justified 
by the conviction that P is grounded in the common nature 
of 8. This common nature must, therefore, be a universal 
identity which finds expression in the concrete particulars, 
a, b, c, etc., though these differ from each other in many 
respects. But all particulars may be classed in various ways. 
Hence arises the first difficulty of induction — that of finding The first 
the appropriate common concept, under which to think the ^^f^*obf 
observed particulars ; and in the assumption of this we are served par- 
obviously making what may be called a preliminary hypo- an appro- 
thesis, viz., that in the content of the selected 8 we find the p^^® '^**"- 
ground of P, We should, e,g,, be obviously unjustified in 
arguing that because the pictures at, b, c, d are admirable 
works of art, therefore, any other picture e is also an 
admirable work of art ; for the ground of excellence cannot 
be thought as inherent in them simply as pictures. But if 
a, b, c, d, e are all works of the same great master, then our 
inference to the excellence of e from that of the observed 
a, b, c, d, is much more probable, as it is based on the identity of 
origin. The inference is not, however, certain, as it is not in 
this origin alone that the ground of excellence can be found. 

Now the proposition Every 8 is P is, in form, though not ^® "J*^**"' 
in meaning, merely a summary of individual judgments of mentisenu- 
perception which affirm P of every member of the class 5, JJJ^*'^® ^ 
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Book V. though we are, in incomplete enumeration, attempting to 
Ch^i. i^gQ j^ upon only a limited number of these possible indivi- 
dual judgments. There are, thus, two elements in our 
premises — the assertion that P belongs to the observed 
particulars a, b, c, d, and the statement that a, b, c, d, are in- 
dividual expressions of the universal identity of content 8, 
which is believed to contain the ground of P, As a, b, c, d, 
are concrete instances, they are naturally made the subject 
Bnumera. of each of these propositions {see §§ 68 ; 84 ^), and so the 
tionisa"^ argument falls into the third syllogistic figure {see § 113*) 
gUogism in ^nd may be thus symbolically expressed— 

a, b, c, d are P 
a, b, c, d are 8 



Every 8 may be P 



In other words, the conclusion suggests Every 8 is P h9 
a hypothesis worthy of examination, and our task is to 
attempt to establish this as a universal law, by showing that 
there is a sufficient ground for the connexion. 

(ii) Twofold Tendency of Ennmerative Induction. 

Two tendencies here become operative. There is, first, that 
which confines itself to the formal aspect of the proposition 
to be proved, and endeavours to establish the universal by 
a mere examination of the denotation of 8. And there is, 
secondly, that which fixes attention upon the meaning of the 
proposition, and aims at establishing the generic judgment 
8 is Py which is the only real justification for the denotative 
proposition Every 8 is P [see § 71 (i.) {by]. 

(a) Tendency to Complete Enumei'aUon, Following out the first 

tendency it is evident that to deduce the universal conclusion 

tmi^'raai* ^^°^ *^® given premises is formally unallowable, as it would 

conclusion involve the fallacy of illicit process [see § 111 (ii.)*). Thus, 

micitSo. t^® incomplete enumeration suggests at first the attempt 

^i(i^°? to reach the concrete universal of allness by making the 

complete enumeration of instances complete. But this is impossible 

^JJ^®^ in most cases ; it would lead us to an infinite series which 

1 First Edition, §§ 75 and 98. « First Edition, § 127. 

» First Edition, § 78. < First Edition, § 125 (a). 
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cannot really be summed. Moreover, mere enumeration of Book V. 
instances largely neglects the true bond of union, which is Oh^i. 
the common nature shared by all members of the class, and 
in which must be sought the ground of P. It reduces this 
common nature to mere agreement in denomination, whilst 
it disregards the characteristic peculiarities of the instances, 
which are all necessary and in relation to the universal 
nature, and degrades them into mere separability into units. 
Hence, the universal, if it could be reached by simple 
counting would be abstract, and concerned only with the 
numerical aspect of the concrete instances. 

But in practice we do not confine ourselves strictly to the 
enumerative side of the process, i.e, we look for something 
more than mere number of instances. Indeed, mere number 
cannot take us very far. There must be some specification of 
the instances as well as numbering of them. Eepetition of the 
same instance of connexion between 8 and P gives but little 
ground for the assumption that that relation is universal. But, 
if the instances examined differ from each other very largely, 
and have little in common except their agreement in ex- 
hibiting both S and P, then the probability that 8 contains 
the ground of P, is very largely increased. For example, 
the fact that all polar bears examined have white fur would 
give us little ground for the supposition that all animals 
which dwell among snow have white coverings. But when 
we find animals differing much in other respects — as the 
polar bear, the American polar hare, the snowy ow), and the 
Greenland falcon — agree in habitat and colour, the possibility 
of a regular connexion between the two is suggested. 
When, moreover, instances which at first seem to be excep- 
tions are, on further examination, found to confirm the rule, 
its claim to generality becomes stronger. When the Arctic 
fox, the Arctic hare, the ermine and the ptarmigan, which 
are not always white, are found to become so when amongst 
the snow in winter, the truth of the suggestion that there 
is a universal connexion between white surroundings and 
white covering becomes much more probable. But even 
thus modified, enumeration can never get beyond a high 
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Book V. probability that Every 8 is P, for it can render no reason 
Ch^i. ^jjy ^jjj^jj connexion exists, and the universal proposition is 
always liable to be overthrown by a single instance to the 
contrary. In other words, it can only describe what happens 
by an empirical law of greater or less probability ; it can 
never reach explanation. Hence, the ennmerative ideal, 
even were it attainable, is, from its very natnre, incapable 
of giving that true concrete universal, or generic judgment, 
which is the assertion of necessary connexion of which we 
are in search. 
1 he con- (b) Tendency to Analysis of Content. In the second place, 

wlS°5 miwt then, it is evident that our premises give us no exact cqndi- 
Jje«^^- tions in which we can find the ground for a necessary 
analysis of connexion between 8 and P, We have seen that such an 
the content agguniption is involved in the universal proposition we are 
attempting to establish, i.e, in the subsumption of our 
particular observed instances under 8, And the assumption 
is based on a necessity of thought. For, by the principle 
of Identity (see § 17 ^) we are constrained to think every 
characteristic phenomenon as dependent upon one, and only 
one, definite condition or set of conditions. Now, if P be- 
longs to a, b, 0, d, it cannot be grounded in their individual 
differences, but only in their common nature 5. The content 
of S must, therefore, be analysed, and if, as a result of this 
analysis, it is found to contain the ground of P, then the 
necessary connexion of P with S is established, and we reach 
the generic judgment 8 is P, which is the true concrete 
universal, and which, as not liable to be overthrown by con- 
trary instances, is the real justification for the formally 
enumerative proposition Every S is P, 

But, as P is not the only characteristic connected with 8, 
it is evident that the content of 5 as a whole is not its 
simple ground — i.e. 8 is not the one definite condition of 
Which we are in search. By analysis alone can be found 
what it is in 5 which necessitates P, and .is thus the founda> 
tion of the universal connexion expressed by the generio 
judgment 8 is P, 

There are, then, in this earliest form of inductive inferencOi 
1 First Edition, § 22. 
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two divergent tendencies ; one which when carried further Book V. 
leads to arithmetical compatation, and the other, whose ch^^ni. 
general course has just been sketched, leading on through 
analogy — which is the first stage in the determination of 
content — to a thorough analysis of the given phenomena. 

149. Analogy. 

(i.) Relation to Ennmerative Induction. 

The discussion in the last section has shown that an Analysis of 
analysis of content is necessary to establish the connexion nwe^ryio 
suggested by ennmerative induction as subsisting between ^SfS^** 
8 and P, and which we are compelled by the principle of 
Identity (see § 17 1) to think as not due to casual coincidence 
but to some sufficient ground. Now, the content of 5 is 
presented to us in the concrete particulars a, b, c, d, which we 
have observed to be both 8 and P, In these concrete parti- 
culars, therefore, we must look for this bond of union. The The first 
first step in the process is an inference by analogy, in which, analysis is 
as Dr. Bosanquet says, " we no longer count the examples, ^^^^? ^^ 
" but we weigh them" (Logic, vol. ii., p. 83). As it is the 
contents of 8 and P which are under consideration, the argu- which falls 
ment falls naturally into the second syllogistic figure {see 
§ 113 *), and may be symbolically represented thus — 

r where x is a common characteristic of 

** ^ I J a, b, c, d, and R the unanalysed residue 

\ of characteristics. 

.'. 8 is prohaUy P as the two possess a fundamental 

characteristic x in common. 

The connexion with ennmerative induction may be shown Examples 
by a Concrete Example. Thus by Ennmerative Induction coS^xfon 

we infer — • of Analogy 

with Enu- 

In several of the larffe towns in the north of England merative 
» , n ... 1-1 Induction. 

(a, 6, c, {/), the rate of mfant mortahty is very high 

Those same towns {a, b, c, (/), are engaged in textile 

manufactures (5), 
/. The character of the industries of the towns (S) may 

be connected with the high infant mortality (P). 
1 First Edition, j 22. * First Edition, § 127. 
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Book V. We must, if we wish to get any further than this mere 
^' ^^^' suggestion of possibility, consider, not the number but, the 
character of the instances, and seek in that character some 
common feature which may give a reason for the connexion 
of 8 and P, This we find in the neglect of young infants 
consequent on their being frequently left for a considerable 
time without maternal care. Our argument from analogy 
will then run — 

When the rate of infant mortality is high (/>), it is found 
upon examination that many infants have been neg- 
lected by their mothers (;ir), 

In textile manufacturing towns many mothers of young 
infants work in mills (5), and enquiry shows that the 
infants are then often neglected by them (jt). 

Hence, there is a probable connexion between the char- 
acter of the industry of the towns and the high rate 
of infant mortality, as in both cases we have the 
important common feature of maternal neglect, due to 
the working of the mothers in the mills. 

Similarly, when the argument by enumerative induction 

given in the last section [see § 148 (ii.) (a)] is developed into 

an argument by analogy the common predicate is found in 

the fact that the animals quoted (polar bear, etc.) all need to 

escape observation, either in order to approach their prey, 

or to escape their enemies, and that the similarity of the 

colour of their coverings to that of the snow amidst which 

they live enables them to do this most easily. Thus, 

the probability of a universal connexion between the 

colour of the environment and that of the animals is 

strengthened. 

Analogy The argument by enumerative induction is thus seen to 

p^eded by P^ss easily and naturally into one from analogy, immediately 

enumera- attention is turned from the number of the observed in- 

tiv6 indue* . , 

tion. stances to their character. There is no necessity, however, 

for an argument from analogy to be approached through 
enumerative induction. When the instances presented to 
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observation offer immediately the characteristio marks on Book V. 
which we base the inference to the connexion of 8 and P, we ^^ ^^ 
can proceed at once to an inference from analogy, without 
any preliminary enumeration of the instances. In other 
words, whenever it is easy to do so, we commence the 
examination o4 content at once. Thus, e.g,^ we infer im- 
mediately by analogy that rocks which bear the peculiar 
parallel marks which are termed atrice, have been at some 
former period subject to glacial action, even though no 
glaciers may now exist in the country in which they are 
found. Thus — 

Bocks exposed to glacial action are striated, 
Many rocks in Cumberland are striated, 
.'. Cumberland has most probably been the scene of 
glacial action. 

Many of the conclusions of geology, indeed, still rest 
upon nothing but analogy, i.e., they are still hypotheses 
awaiting decisive proof. 

As a further illustration of the suggestive value of analogy, Analogical 
we will take Clifford's account of the origin of Lord Kelvin's Sypottie^is 
hypothesis as to the ultimate character of atoms. We must " to nature 
first premise that a ' vortex-ring ' is a ring of matter with a 
rotatory motion of all its particles, the inside surface going 
one way and the outside surface the other way, as in a 
ring of smoke ejected by a smoker ; and that a * perfect 
liquid ' would be one absolutely devoid of friction. "Helm- 
"holtz found, by a wonderfully beautiful calculation, that in 
" a perfect liquid where there is no friction it is impossible 
** for vortex motion to be generated or destroyed ; in any part 
** of the liquid where there is no vortex motion no mechanical 
'^ action can possibly start it but where it once exists there 
'* it is for ever, and no mechanical action can possibly stop it. 
" A vortex-ring may move from place to place ; but it carries 
*' with it the liquid of which it is composed, never leaving 
** any particle behind, and never taking up any particle from 
^* the snrroundirg liquid. If we tried to cut it through with 
** a knife it would thin out like a stream of treacle, and the 
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Book V. " thinner it got the faster it would go ronnd ; so that if we 
Ch^i. u multiplied together the number of revolutions in a second, 
" and the number of square millimetres in the cross-section 
" of the vortex-ring, we should always get the same product, 
'^ not only in all parts of the ring, but through all time. . . . 
*' Here steps in Sir William Thomson with a brilliant con- 
" jecture. The ultimate atom of matter is required to be 
" indestructible, to have a definite mass, and definite rates of 
"vibration. A vortex-ring in a perfect liquid is inde- 
" structible, has a definite mass, and definite rates of vibra- 
" tion. Why should not the atom be a vortex-ring in a 
" perfect liquid ? . . . The answer to this question is only 
*• to be got at by examining further into the consequences 
"of the fundamental supposition, until either the desired 
^ explanation of all phenomena is reached or some clear dis- 
" cordance with observed results shows that the whole hypo- 
" thesis is untenable " (Clifford, Lectures and Essays^ pp. 
166-7 ; cf, § 161 (ii.) (6) below). 

(ii.) Logical Character. 

A universal If we now examine the form of the argument from 
by^lnaiogy analogy, we find that to draw a universal conclusion would 
vowl^uS" ^® *^ commit the fallacy of Undistributed Middle Term 
distributed [see § 111 (ii.)^]* And, as the middle term is the bond of 
Middle ; connexion between S and P, its undistributed character shows 
that that relation is not thoroughly established. To pot it 
in another way. Our premises state that x /? is a consequence 
of both P and 5, and from those consequences we want to 
infer identity of essential character in those two grounds. 
Now, if the propositions affirmed reciprocal relations and so 
could be simply converted, the universal conclusion would be 
permissible. For instance, if in the example from geology 
quoted above, it could be shown that the marks under con- 
sideration can be caused in no other possible way than by 
glacial action, the argument becomes demonstrative, for the 
first premise may be converted into * Striation can be due to 
nothing but glacial action,' which is a true major premise to 
1 First Edition, § 125 (ii.). 
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an argument in the First Figure. But, in that case, we pass Book V. 
beyond analogy. It is because of this want of sufOioienoy of Ch^i. 
connexion that our conclusion from an inference by analogy hence, such 
can only be more or less probable ; i.e., it offers itself as a S^ never**" 
hypothesis which seems likely to be sufficient to explain the Jhan^^ro- 
facts, but which requires further testing. Hence, there is no babie. 
proof by analogy, but only a suggestion as to the direction in 
which proof may be found. 

Regarded rather from its material than its formal side, Anaiogv 
analogy is seen to be an inference from partial identity of meanTpro. 
content to further identity of content. With Aristotle, it portion. 
meant proportion, and the inference was of the character that 
2:4—3:6. From proportion of numbers, we pass to other 
proportions where the terms are not homogeneous, till we 
reach such relations as that x vibrations of 2av\ 2 x vibrations 
:: a note : its octave ; or as that which establishes the rela- 
tion between the number of vibrations of ether waves per 
second, and the resulting impression of colour ; where, in the 
second series the idea of arithmetical ratio is altogether absent. 
Such statements of relation only mean that the series of 
physical stimuli and the series of corresponding impressions 
are so connected that from knowledge of the former we can 
infer the character of the latter. In this meaning of analogy 
the idea of number still lingers. In modern logic, as has 
been seen, analogy does not deal with quantitative relations, 
as such, but with considerations of content. The idea of 
analogy, then, was first modified so as to include all inferences 
from " resemblance of relations '' ( Whately, Logic^ p. 323), 
and not simply those of quantity. In common usage, it it now 
denotes an inference from any kind of " resemblance," ment from 
whether apprehended as a resemblance of relation or as one Pfgn^L, 
of quality, usually, however, confined to a pair of instances. 
Xx>gically, this is still implicitly agreement of relations, as all 
qualities are at bottom forms of relation, though not neces- 
sarily analysed into them ; and as * resemblance ' means partial 
identity. For, as Lotze says : '* Similarity is always a mixture 
of ** identity in one respect and difference in another. . . . We 
^ cannot on the ground of the unanalysed similarity of two 
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BookV. "subjects transfer the predicate of one to the other, but 

Ch^i. c( Qjjiy Qjj ^ijQ ground of their demonstrated identity, identity 

" at least in respect of the conditions upon which the predi- 

" cate in question everywhere depends " {Logic, Eng. Trans., 

As this vol. i., pp. 327-8). There is, thus, implicit in an analogical 

iinpiicit,the argument, as its very basis, the assumption that such identity 

conclusion jg present, or, as Lotze puts it : " It may be regarded as a 

that 



is only pro- 
bably true. 



Arguments 
from ana- 
logy are of 
different 
degrees of 
strength. 



'' fundamental principle of analogy in the strict sense . 
^^ of like things under like conditions like assertions are true " 
(ibid., p. 322) — a principle which is evidently an expression 
of the law of identity. The same idea is expressed in Hegel's 
definition : " In the syllogism of Analogy we conclude from 
" the fact that some things of a certain kind possess a certain 
" quality, that the same quality is possessed by other things 
"of the same kind" {Logic, Eng. Trans., p. 326). It is 
because the element of identity is not explicit — i,e, formally, 
because the middle term is undistributed — that, as we saw 
above, the conclusion of our inference is only problematic ; 
but the inference is only possible at all because an element 
of identity is assumed to be present. Analogy, then, in 
modern logic is practically equivalent to Aristotle's argument 
from example [see § 145 (i.)]. 

(iii.) Criterion of Value. 

(a) Importance is Teleological. The arguments from 
analogy in common life may be — and often are — extremely 
superficial, and, on the other hand, such an argument may give 
a conclusion that very nearly approaches certainty. " It 
" would certainly be a very bad analogy to argue that since 
'^ the man Caius is a scholar, and Titus also is a man, Titus 
" will probably be a scholar too : and it would be bad because 
" a man's learning is not an unconditional consequence of his 
'^ manhood. Superficial analogies of this kind however are 
'*very frequently met with. It is often argued, for example: 
"The earth is a celestial body, so is the moon, and it is 
" therefore in all probability inhabited as well as the earth. 
" The analogy is not one whit better than that previously 
" mentioned. That the earth is inhabited does not depend 
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*' on its being a celestial body, bnt on other conditions, such Book V. 

"as the presence of an atmosphere, and of water in con- ^1_ 

"nexion with the atmosphere, etc.; and these are precisely 

*• the conditions which the moon, so far as we know, does 

"not possess" (Hegel, op, cit., p. 326). In contrast with 

this, the inference by analogy that at the poles of Mars are 

regions covered with ice and snow, is a very probable one 5 

for "from the appearance and behaviour of those white spots 

" we infer that they have all the chemical and physical pro- 

" perties of frozen water " ( Jevons, Frin. of Sc^ pp. 696-7). 

The force of an argument by analogy, therefore, depends The force of 

upon the probability that the point of resemblance observed men?le. 

is the true ground of that inferred ; in other words, that the gj"^**^ ^ 

two instances are really " like,'' i.e. have an essential point of ance oftiie 

identity. Now, this must not be known to be the case, or, whiSfus 

as we saw in the last section, the inference has passed beyond ^^ased ; 

the bounds of analogy, and become demonstrative. But, 

on the other hand, it must not be known not to be the 

case, for then there is no ground for inference at all. Hence, 

the strength of an argument from analogy depends upon 

the importance of the characteristics upon which it is based ; 

upon whether the ' resemblance ' contains an essential point 

of identity. Whenever the inference is fallacious it is 

because an accidental mark has been taken for an essential 

one. 

By what test, then, are essential characteristics to be ^^ ^^ ^ 

i^I&iiive lo 

distinguished from those which are accidental ; in other purpose. 
words : What is the criterion of importance by which to 
judge the characteristics on which the inference is based? 
Now 'important' and 'essential' are relative terms, and 
point beyond themselves to something in relation to which 
the ' importance ' and ' essentiality ' is grounded. A charac- 
teristic is important for one purpose, but unimportant for 
another ; and if its importance is so great that without it the 
former purpose cannot be achieved, we say it is essential. 
Essential, then, means * essential for the end in view.' Thus, 
the criterion of value of marks for an analogical inference 
must be found in the conception of purpose or end. " Im- 
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Book V. " portance," says Dr. Bosanqaet, " is relation to the pnrpose 
^- ^"- " or pervading nature, the * import ' of any system ** (Logic, 
vol. ii., p. 94). This is easily seen when the cases with which 
an inference is concerned are purposive works of man. For 
example, by analogy we conclude that certain flints found in 
the earth are remains of weapons, because they bear marks of 
artificial shaping of such a kind as to adapt them to be 
cutting or piercing instruments, and corresponding, more- 
over, to those of flint weapons made and used by savages at 
the present day. Or, to take another example- 
Electric bell-handles operate by being pressed, 
The bell-handles in this house are made to be pressed, 
/. The house is probably hung with electric bells. 

Similarly we should infer by analogy that a pair of spiked 
shoes were intended for use at cricket, because the affixing 
spikes to cricket shoes has an obvious purpose. In organic 
life, as we saw above [see § 144 (ii.)] the end or purpose is 
to be regarded as the perfection of nature reached through 
a long course of evolution. But inference here is often 
backwards, and then the nature is sought in the past. Thus, 
the biologist when his purpose is to attain knowledge of the 
common origin of divergent species of organisms seeks, as the 
ground of an inference from analogy, those marks which the 
course of evolution is most likely to have left largely un- 
modified ; and they are not generally those which are most 
striking as points of resemblance. 
The force of (6) Importance is not Amount of Resemblance, From what 
dSes^not ^^ 3"^* ^®®^ ^^^ ^* ^^ evident that the force of an argu- 
depend ment from analogy depends upon the character of the 
ofresem- identity, and not upon the amount of similarity. As Mr. 
diSSreiwe Sidgwick says : " Whenever * degree ' or * amount ' of resem- 
"blance or difference is spoken of, the student must re- 
" member that, for all purposes of reasoning, a resemblance 
** or difference is great or small, not according either to its 
" power of striking the observer's notice, or to the number of 
^* * points ' (or details) into which it may be analysed ; but 
'' according to the importance of its details in regpurd to the 
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" matter in hand." {Process of Argument, p. 194). But so Book V. 
firmly is the idea of enumeration rooted in many writers on Ch^i. 
logic — especially in those of the empiricist school — that this 
mistake is often made. Thus Mill says : " Since the value as Mill held. 
" of an analogical argument inferring one resemblance from 
'^ other resemblances without any antecedent evidence of a 
" connexion between them, depends on the extent of ascer- 
" tained resemblance, compared first with the amount of 
^' ascertained difference, and next with the extent of the 
" unexplored region of unascertained properties ; it follows 
" that where the resemblance is very great, the ascertained 
*' difference very small, and our knowledge of the subject- 
" matter tolerably extensive, the argument from antdogy 
'* may approach in strength very near to a valid induction. 
" If, after much observation of B, we find that it agrees with 
" A in nine out of ten of its known properties, we may con- 
" elude with a probability of nine to one, that it will possess 
" any given derivative property of A " {Logic, III., xx., § 3). 
But, as we have seen throughout, we do not number but 
weigh our instances in analogy. And, moreover, how can 
we number " resemblances " or points in which B " agrees 
" with " >1 ? Who shall decide as to whether a given point 
of identity or of difference is one " property " or a dozen ? 
It is all a matter of arbitrary mental analysis. *' Properties " 
are not isolated and separate individualities, which we can 
count and enumerate as we can balls or books. It is, there- 
fore, meaningless to speak of a * ratio ' in this connexion ; 
for a ratio requires a unit, and a unit is here unattain- 
able. Moreover, it is impossible to estimate the number 
of " unknown " properties ; such estimation assumes them 
known, and therefore to speak of ^' the extent of the unex- 
" plored region of unascertained properties " is to fall into 
a contradiction in terms. And it will be noticed that 
in his "ratio" Mill neglects these altogether, though he 
had insisted on their importance immediatiely before. His 
estimation of the amount of probability is, therefore, incon- 
sistent with the doctrine he had himself just enunciated. 
In accordance with the same view of numbering the attri- 
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Book V, butes, Mill says that every point of difference f arnishes a 
^' ^^^' probability against the connexion of 8 and P (cf, ibid.^ § 2). 
But, if the points of resemblance are essential, the points of 
difference may be disregarded ; and similarly, if the points 
of difference are essential, no amount of resemblance in 
An infer- other points will make the inference a safe one. The ntter 
from mere hopelessness of inferring from the relative " extent of ascer- 
i8?ften*°°^ " tained resemblance'' and "extent of ascertained difference * 
fallacious. — to say nothing of the presumably known extent of the 
nnknown — ^is strikingly shown in the following passage from 
Dr. Wallace's Darwinism, in which he is speaking of the 
variations of plants, and in which it is seen that an analogical 
argument from amount of resemblance not only may lead 
an enquirer wrong when he is comparatively unacquainted 
with the subject-matter, but actually did mislead a great 
number of specialists. Dr. Wallace says : " All the 
"cucumbers and gourds vary immensely, but the melon 
"(Gucumis melo) exceeds them all. A French botanist, 
" M. Naudin, devoted six years to their study. He found 
" that previous botanists had described thirty distinct species, 
" as they thought, which were really only varieties of melons. 
*' They differ chiefly in their fruits, but also very much in 
"foliage and mode of growth. Some melons are only as 
"large as small plums, others weigh as much as sixty-six 
" pounds. One variety has a scarlet fruit. Another is not 
" more than an inch in diameter, but sometimes more than 
" a yard in length, twisting about in all directions like a 
" serpent. Some melons are exactly like cucumbers ; and 
"an Algerian variety, when ripe, cracks and falls to pieces, 
"just as occurs in a wild gourd " (pp. 87-8). 

(iv.) Oonfinnation by Negations. 
Inference Differences, as we have said, cannot override essential 
ii^confi^Sd identity. But, in so far as our instances differ, these differ- 
when diflfer- ences call for explanation, and when this explanation shows 
found to be that they are not essential, but merely accidental, in relation 
to the^en^ to the purpose in view, the argument from analogy is con- 
in view, firmed ; though it must be borne in mind, that this confirma- 
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tion can never amount to demonstration whilst the inference Book V. 
remains analogical. Thus, in the example just quoted, the Ch^L 
striking differences of the different varieties were shown on 
investigation not to be essential ; i,e. they were proved to be 
due to the course of evolution and not to the original common 
nature which was the subject of investigation. 

This confirmation by negative instances would reach its 
most perfect stage when '' they should form a single ana- 
^^ logical inference, in which each positive premise and the 
" positive conclusion should be materially defined and limited 
" by the corresponding negative judgment . . . that is to 
" say, every judgment A is B would be supported by its con- 
." verses Not-A is Not-B, and Not-B is Not-A*' (Bosanquet, Logic, butthefuU 
vol. ii., p. 105). When these are fully established the rela- S'iSftokes 
tion between A and B is proved to be both 'universal ^^^^ ^^^^*^ 
reciprocal. The inference has then passed beyond analogy, 
and become demonstrative. Hence, analogy suggests not 
merely hypotheses but also the lines along which their con- 
firmation should be sought. Even when the conclusion is 
not confirmed, an examination of negative instances is of 
great use in pointing out the direction in which amendment 
should be sought. For example, to return to one of our 
earlier examples [see (i.) above, and § 148 (ii.) (a)] the conclusion 
drawn was that there was a probability that * Animals living 
amongst snow have white coverings.' If we now seek the 
negative instances, this conclusion would be confirmed if we 
found that, on the one hand, ' No animals which live amongst 
the snow have coverings other than white ' and on the other 
hand, that * No animals with coverings other than white live 
amongst the snow.' But these statements experience does 
not bear out. For the "sable retains its rich brown fur 
'* throughout the Siberian winter," the musk-sheep, which is 
also an arctic animal, is brown, and the raven remains black, 
though it is " found even in mid- winter as far north as any 
"known bird or mammal " (Wallace, op. cit, p. 191). On the 
other hand, sheep, horses, and other animals are found white 
in other than arctic regions. The conclusion at which we 
arrived was, therefore, a false one, in that it was stated too 

LOG. II. 6 
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Book V. generally. But, the correction is to be found in the ground 
^- ^^^- from which we drew that conclusion — viz., the need to escape 
observation. For examination of the exceptions quoted 
shows that this need for escaping observation to avoid danger 
does not exist in the case of the musk-sheep, which is 
gregarious, nor in that of the raven, on account of its strength ; 
whilst the sable lives in winter amongst trees and resembles 
their bark in colour. Thus, if we modify the previous con- 
clusion to 'Arctic animals which need concealment have 
coverings agreeing in colour with their surroundings,' we 
shall find it confirmed by our negative instances, and further 
examination will show that the same rule can be extended to 
the animals of all districts. 

But in this consideration of negative instances we are 
really passing beyond the limits of real analogical inference, 
for our analysis of content is more thorough than that on 
which analogy is based, and is going beyond the suggestion 
of hypotheses to their proof. 
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CHAPTER IV. 

DEVELOPMENT OP HYPOTHESES. 

150. Nature of Hypotheses. Book V 

Ch. IV. 

(i.) Formation of Hypotheses. — 

We have traced the development of hypotheses from their Hypotheses 
first appearance under the guise of the general names which 2J?y°to?u 
give the first suggestion for enumerative induction to the scientifio 
point at which they form the starting-point of exact scien- 
tific enquiry. Nor can such enquiry have any other starting- 
point ; for science can never grow out of observations made 
at random, nor is experiment ever performed with no object 
in view. Every scientific enquiry is an attempt to establish 
a relation between two elements of reality, but before such 
an attempt can be made it is obvious that the connexion in 
question must have been already thought as possible ; no one 
can ever attempt to prove what has never occurred to him. 
And the supposition of a possible relation is a hypothesis. 
Even Mill grants this, and speaks of the function of hypo- 
theses in ** suggesting observations and experiments" as 
"one which must be reckoned absolutely indispensable in 
"science. . . . Without such assumptions, science could 
" never have attained its present shape : they are necessary 
" steps in the progress to something more certain ; and nearly 
"everything which is now theory was once hypothesis" 
{Logic, III., xiv., § 5). Indeed, a little later Mill gives a 
sketch of the inductive process, quite at variance with the 
empirical method set forth in the earlier part of the book, 
but much nearer the truth. He says : " The process of 
"tracing regularity in any complicated, and at first sight 
"confused set of appearances, is necessarily tentative we 
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Book V. " begin by making any supposition, even a false one, to see 
Ch^v. it ^hat consequences will follow from it ; and by observing 
*^ how these differ from the real phenomena, we learn what 
"corrections to make in our assumption. The simplest 
*' supposition which accords with the more obvious facts, is 
'* the best to begin with ; because its consequences are the 
'* most easily traced. This rude hypothesis is then rudely 
\* corrected, and the operation repeated ; and the comparison 
"of the consequences deducible from the corrected hypo- 
'' thesis, with the observed facts, suggests still further correc- 
" tion, until the deductive results are at last made to tally 
" with the phenomena ^ (ibid,). As all reality is " compli- 
" cated and at first sight confused," this method is applicable 
to all scientific enquiry ; and thus hypotheses must guide all 
attempts to attain knowledge. 

All clrcum- And this is the case, not only in enquiries into the phenomena 
. dencels the of physical nature, but equally so with any investigation into 

h™th**i* past events, when the testimony of direct observation is 
unavailable. Thus the weighing of all circumstantial evi- 
dence is a case of procedure by hypothesis. A crime has 
been committed and an individual is suspected. His guilt is 
then the hypothesis. From this hypothesis certain deduc- 
tions can be made — his presence at the place at the time, his 
possession of a certain weapon, his leaving certain marks 
behind him, and so on, and from the coincidence of these 
with fact the hypothesis is proved or rejected. Or take an 
enquiry into a case of anonymous authorship. A hypothesis 
is formed that the author was a certain individual. Then 
from this hypothesis it is deduced that certain peculiarities 
of manner and style may be looked for in the work ; if these 
are found they so far support the hypothesis. If no other 
peculiarities are discovered than those which also occur in 
acknowledged works of the supposed author, then the hypo- 
thesis is greatly strengthened. And lastly, if all the noticed 
peculiarities of the assumed author appear in the anony- 
mous work, the hypothesis may be held to be practically 
established. A similar line of enquiry is that by which the 
order in which Shakespeare's plays were written is deter* 
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mined by internal evidence. A play exhibits certain features Book V. 

of verse construction and style, a certain proportion of Ch^* 

rhyming lines, certain historical references, and so on, all of 

which can be accounted for on the hypothesis that it was 

written at a certain definite period, but are otherwise 

inexplicable. For example, in speaking of the date of the 

* Two Gentlemen of Verona * Mr. Gollancz says : " The follow- 

"ing general considerations place it among the earliest of 

" Shakespeare's productions, i.c. drca 1590-1592 : — the sym- 

*' metrical arrangement of the characters ; the unnaturalness 

'^of some of its incidents, especially the abrupt denouement; 

" the finely finished regularity of the blank verse, suggestive 

" of lyrical rather than of dramatic poetry, and recalling the 

" thoughts and phraseology of the sonnets ; . . . the alter- 

^ nate rhymes ; the burlesque doggerel ; the quibbles ; and 

" the fondness for alliteration " (Preface to Temple Edition). 

But, whatever the subject-matter, the hypothesis must be ^very hypo- 
drawn from the facts whose explanation is sought. The be based on 
enquirer does not start with an assumption which he knows ^^^' 
to be false — as Mill seems to suggest, though he says a few 
lines later that the first hypothesis " accords with the most 
"obvious facts'* — ^but with that which seems to offer the 
most plausible explanation of the facts. And he is careful 
to ascertain as exactly as possible what the facts are whose 
explanation he seeks. As Whewell points out : " A vague 
" and loose mode of looking at facts very easily observable, 
" left men for a long time under the belief that a body, ten 
" times as heavy as another, falls ten times as fast ; — that 
" objects immersed in water are always magnified, without 
" regard to the form of the surface ; — that the magnet exerts 
" an irresistible force ; — that crystal is always found asso- 
" dated with ice ; — and the like. These and many others are 
<< examples liow blind and careless men can be, even in obser- 
"vation of the plainest and commonest appearances; and 
" they show us that the mere faculties of perception, although 
" constantly exercised upon innumerable objects, may lon^ 
" fail in leading to any exact knowledge ** {Novum Organon 
Renovatum^ p. 61). 
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Book V. It being, then, first ascertained, as exactly as possible, what 
Ch^\ jg ^Q Ijq accounted for, analogy with other known phenomena 
No rules can suggests hypotheses. No rules can be given here. The great 
the inven-^"^ Scientific investigator is distinguished from other men just 
tionof |jy ^ijat sagacity which enables him to imagine possible 
explanations, to see their consequences, and finally to select 
out of the several suggestions that have occurred to his 
mind, the one which finally does lead to a full explanation 
of the facts. This process may go on rapidly or slowly ; some- 
times a false hypothesis is dwelt on and its consequences 
worked out in detail before its inadmissibility becomes 
apparent, at others it is rejected almost as soon as formed. 
Wrong But the general process is the same ; wrong hypotheses 
generally generally precede right ones; and that frequently in the 
Sg^tones. ^^^ mind. As Whewell remarks, " To try wrong guesses is, 
" with most persons, the only way to hit upon right ones '* 
{op. cit.y p. 79). Of course, it is not pure unguided guess- 
work. In most cases the attempts of previous enquirers 
have shown more or less plainly in what direction explana- 
tion must be sought ; either by the partial establishment of 
some hypothesis, or by making manifest the inadmissibility 
of others. Facility in framing hypotheses cannot, then, be 
reduced to rule, and hence falls outside the province of logic. 
Every hypo- But rules can be given as to how they should be framed, 
Bhouid be aiid how they should be dealt with when formed. In the first 
^^^^y |Pj place, every hypothesis m ust be clearly apprehended ; and in the 
and held ' second place, it must be held subject to revision. The truly 
reviton. scientific thinker has none of the spirit which says * If the facts 
* do not agree with the theory, so much the worse for the facts. 
It was against this spirit — this assumption of hypotheses on 
little or no evidence, and obstinate adherence to them, this 
attempt to explain the world h priori without much direct 
reference to the world — that Newton protested when he said 
hypotheses non Jingo [see § 145 (iv.)} On the contrary, to the 
true thinker, as Brown says, hypotheses " are of use . . . not 
''as superseding investigation, but as directing investigation 
" to certain objects, — not as telling us what we are to believe, 
"but as pointing out to us what we are to endeavour to 
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" ascertain " {Philosophy of the Human Mind, vol. i., pp. 230-1). Book V. 

On this point we cannot do better than quote an admirable Chjiy. 

passage from Whewell. He says : " But if it be an advan- 

" tage for the discoverer of truth that he be ingenious and 

"fertile in inventing hypotheses which may connect the 

^' phenomena of nature, it is indispensably requisite that he 

'^ be diligent and careful in comparing his hypotheses with 

*' the facts, and ready to abandon his invention as soon as it 

"appears that it does not agree with the course of actual 

" occurrences. This constant comparison of his own concep- 

" tions and supposition with observed facts under all aspects, 

"forms the leading employment of the discoverer: this 

"candid and simple love of truth, which makes him willing 

" to suppress the most favourite production of his own in- 

" genuity as soon as it appears to be at variance with realities, 

" constitutes the first characteristic of his temper. He must 

" have neither the blindness which cannot, nor the obstinacy 

" which will not, perceive the discrepancy of his fancies and 

" his facts. He must allow no indolence, or partial views, or 

" self-complacency, or delight in seeming demonstration, to 

" make him tenacious of the schemes which he devises, any 

" further than they are confirmed by their accordance with 

"nature. The framing of hypotheses is, for the enquirer 

" after truth, not the end, but the beginning of his work. 

" Each of his systems is invented, not that he may admire it 

"and follow it into all its consistent consequences, but 

" that he may make it the occasion of a course of active ex- 

" periment and observation. And if the results of this pro- 

" cess contradict his fundamental assumptions, however in- 

" genious, however symmetrical, however elegant his system 

" may be, he rejects it without hesitation. He allows no 

" natural yearning for the offspring of his own mind to draw 

" him aside from the higher duty of loyalty to his sovereign, 

" Truth : to her he not only gives his affections and his wishes, 

" but strenuous labour and scrupulous minuteness of atten- 

" tion " (op. cit., pp. 80-1). 

As striking examples of the true scientific spirit, Whewell Ej^pies 
quotes Kepler and Newton. The former not only most ^ ^^ ^^ 
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Book V. 

Oh. IV. 



and New- 
ton. 



earnestly and carefally worked out the results of his various 
hypotheses as to the orbit of Mars, but " never allowed the 
" labour he had spent upon any conjecture to produce any 
" reluctance in abandoning the hypothesis, as soon as he had 
"evidence of its inaccuracy" [ibid., and cf. § 147 (ii.) (c) 
above]. A similar spirit was shown by Newton in respect to 
his hypothesis that the moon is retained in her orbit by the 
force of gravity. From this hypothesis, he calculated that 
the moon ought to be deflected from the tangent of its 
orbit something more than fifteen feet every minute. But 
the apparent deflection was only thirteen feet. This dis- 
crepancy, comparatively small though it was, Newton accepted 
as a disproof of his hypothesis, and " laid aside at that time 
" any further thoughts of this matter." But some fifteen 
years later, the distance of the moon from the earth had 
been more exactly ascertained ; and Newton repeated his 
calculations, working with these new values. The agreement 
between the calculated and the normal actual deflection was 
then seen to be remarkably precise, and the hypothesis 
became an established theory. 



Erroneous 
hypotheses 
may be of 
value in 
guiding in- 
vestigation. 



A Working 
Hypothesis 
is one of a 
descriptive 
character, 
and ac- 
cepted pro- 
visionally as 
a guide to 
enquiry. 



(ii.) Kinds of Hypotheses. 

(a) Worldng and Descriptive Hypotheses. All hypotheses 
then, so long as they remain hypotheses — i.e, are not fully 
proved — must be held subject to revision, modification, or 
even rejection. But it does not follow that a hypothesis 
which is finally disproved has been of no service. Every 
well imagined hypothesis, suggested by a real knowledge of 
the facts dealt with, opens out a line of enquiry which is 
rarely fruitless. Such a Working Hypothesis is frequently 
provisionally assumed as furnishing a description of the facts 
and collecting them together, when knowledge is not suffi- 
ciently advanced to admit of a true explanatory hypothesis 
being proposed. A working hypothesis, then, is of a 
descriptive character, and is more or less provisional. As 
Jevons says : " When [Professor Huxley] advocates the use 
"of 'working hypotheses' he means no doubt that any 
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" hypothesis is better than none, and that we cannot avoid Book V. 
** being guided in our observations by some hypothesis or Ch^. 
'* other" (Priw. of Sc, p. 509). Such a hypothesis was that 
which spoke of the *' electric fluid," when the term 'fluid' 
was used as merely a convenient way of gathering together 
and describing some of the known phenomena of electricity, 
but with a full consciousness that electricity is not a fluid in 
the correct meaning of that word. 

Many descriptive hypotheses which were really working 
hypotheses, though their provisional character was not 
recognized at the time, have been of great use in the 
advancement of knowledge. As an example we may take 
the Ptolemaic hypothesis of cycles and epicycles to account 
for the motions of the sun, moon, and planets. This hypo- 
thesis enabled the ancient astronomers to calculate those 
motions with considerable accuracy, and was, therefore, " of 
" immense value to the progress of astronomical science ; for 
" it enabled men to express and reason upon many important 
" truths which they discovered respecting the motion of the 
" stars, up to the time of Kepler " ( Whewell, op city p. 84). 
Tet the hypothesis was essentially false as an explanation ; 
for it assumed the earth to be the centre round which all 
heavenly bodies revolve, and the motions of all such bodies 
to be circular. Of such descriptive hypotheses more than Several de- 
one may for a time appear to be equally true, i,e, the facts hypotb^es 
in question may be described in more than one way. Many ^^e appear 
of the observed facts of the motions of the heavenly bodies equally 
could, for example, be as accurately described on the *^^' 
Cartesian hypothesis of vortices as on the Newtonian theory 
of gravitation. But, as other facts were accurately observed but a false 
and measured, the hypothesis of vortices required a continual c^otlead 
series of modifications each of which made it more complex ^ expiana- 
than before, whilst the Newtonian theory was found to 
explain these new facts as well as those for whose interpreta- 
tion it had been originally suggested. Thus, the necessity of 
relating the original facts to other series of phenomena 
furnishes a test of the truth of a descriptive hypothesis, and 
as it is only in such relation that explanation can be found, 
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Book V. so only a descriptive hypothesis which ultimately admits of 
^- ^^' explanation can be trne. 
Uypotheses (5) Hypotheses of Law and Hypotheses of Cause. This 
of Cause leads us to the difference sometimes drawn between hy- 
jjj^*"®^y potheses of law and hypotheses of cause. Some logicians 
confine the term hypothesis to the latter class of supposi- 
tions. Thus, Ueberweg defines a hypothesis as " the pre- 
" liminary admission of an uncertain premise, which states 
^' what is held to be a cause, in order to test it by its conse- 
" quences" {Logic, Eng. Trans., p. 505). When this distinction 
is drawn, the cause is generally regarded as external to the 
phenomena to be explained, whilst the law is the expression 
of relations holding within that series of phenomena. But 
as eyery series of phenomena selected for explanation is 
arbitrary in its limits, as even its full description can be 
found only in its relation to other phenomena, and as it is 
the totality of those conditions which is its cause, and a 
knowledge of which furnishes its explanation, so it does not 
appear that for logic there is any fundamental distinction 
between hypotheses of law and hypotheses of cause. A 
A hjTDothe- hypothesis of law selects some special aspect of some defi- 
deais with a nite phenomena. As Mach says : *' A rule, reached by the 
tween*^^ "observation of facts, cannot possibly embrace the entire 
known ^^fact, in all its infinite wealth, in all its inexhaustible mani- 
p enomena, ^j f^j^^^gg . q^ ^j^q contrary, it can furnish only a rough 
" outline of the fact, onesidedly emphasizing the feature that 
"is of importance for the given technical (or scientific) end 
"in view** (Science of Mechanics, Eng. Trans., pp. 78-9). 
This selected aspect is then investigated carefully so that an 
exact and quantitative expression of the relation involved 
may be attained, and so the phenomena be thought with the 
greatest possible precision. " The business of physical 
"science is the reconstruction of facts in thought, or the 
" abstract quantitative expression of facts. The rules which 
" we form for these reconstructions are the laws of nature " 
(Mach, op, city p. 502). A hypothesis of cause is only a 
fuller development of this, and grows out of it. " In the 
"conviction that such rules are possible lies ^he law of 
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"causality. The law of causality simply asserts that BookV. 
"the phenomeDa of nature are dependent on one another" ^^- ^^- 
(ibid.). Every hypothesis of law which exactly states a re- 
lation between certain phenomena is, ipso facto ^ a hypothesis 
of cause, for it states fully the essential conditions for the 

occurrence of some definite element of reality. Of course, ao? » ^y- . 

1 ij u X XI. £ pothesiBof 

many laws would be necessary to express the cause of any cause \?ith 

concrete fact in all its complexity ; for every detail is the ^^reiaUoni 
expression of some law. But the cause of any mode of 
action, or of any determinate aspect of the complex fact, 
may be much more simply expressed. For example, the 
theory of gravitation is a theory as to cause, when regarded 
in relation to facts of motion determined by it, as it affirms 
the essential conditions of such movements ; it is also a state- 
ment of law, as it expresses exactly the character and amount 
of that motion. The enquiry into the cause of gravity 
itself is evidently the attempt to push explanation yet 
further back, and to reach a knowledge of the essential and 
ultimate constitution of matter, and the relations of its per- 
manent properties to each other. In many cases a hypothesis 
as to law cannot be framed without making at the same time 
a suggestion of cause, and thus it is impossible to obey Comte's 
dictum that "Science must study only the laws of phenomena, 
"and never the mode of production," for the law cannot 
be separated from the mode of production. For example, 
the undnlatory theory of light involves the hypothesis of a 
luminiferous ether, without which the laws of optics could 
not be intelligibly expressed. Similarly, all geological laws 
necessarily involve a reference to the origin of the pheno- 
mena with which the science deals. The distinction between 
hypotheses of law and of cause is, then, only one of degree. 
The former are descriptive statements of the exact character 
of the phenomena to be explained, when its relations to 
other phenomena are not in question, and thus naturally 
precede the latter, in which an attempt is made to formu- 
late those relations. Further, hypotheses of cause are also 
statements of law, for they assume a mode of relation 
between phenomena. But in no case can a law be the ex- 
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Book V. pression of a mere empty relation : it must be a relation 
Ch^v. between elements of reality. Thus, law must, in every case, 
involve a reference to an agent ; and, on the other hand, the as- 
sumption of an agent can never be kept entirely independent 
of its relations to other things. In so far, then, as a hypothesis 
deals with the relations between known phenomena, it is a 
hypothesis of law ; in so far as it goes beyond them, and 
assumes a necessary relation between the given phenomena 
and other elements of reality, as yet unknowu, or at least 
not known to be in essential relation with them, it is a 
hypothesis of cause. Finally, when established, every law 
takes its place as an element in an explanatory theory, and , 
an explanatory theory is one which expresses the full 
ground for the phenomena, and that full ground is the true 
cause \cf, § 144 (!.)]• 

151. Employment of Hypotheses, 
(i) Newton's Rules of Philosophizing. 
statement (a) Statement of the Rules, Various attempts have been 
Ruierof^'^^ made to formulate conditions which must be satisfied by 
PMiosophia- q^q^j hypothesis before it be even provisionally accepted. 

The most famous of these are the " Rules of Philosophizing " 

given by Newton at the beginning of the Third Book of the 

Principia, They are as follows : — 

"Rule L No more causes of natural thiogs are to be 
" admitted than such as are both true, and sufficient 
" to explain the phenomena of those things. 

** Rule 11. Natural effects of the same kind are to be 
" referred as far as possible to the same causes. 

" Rule m. Those qualities of bodies that can neither 
" be increased nor diminished in intensity, and which 
" are found to belong to all bodies within the reach 
" of our experiments are to be regarded as qualities 
" of all bodies whatever. 

**Rule IV. In experimental philosophy propositions 
"collected by induction from phenomena are to be 
"regarded either as accurately true or very nearly 
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" true, notwithBtanding any contrary hypotheses, till Book V. 
"other phenomena occur, by which they are made c^^v. 
*^ more accurate, or are rendered subject to excep- 
" tions.*' 

(6) Examination of the Mules — Rule I. Of these rules, Rule I. : 
the first is the most important, and has provoked much dis- 
cussion. What exactly does Newton mean by a vera causa 
— a true cause ? The answer generally given is that it is a Vera 
a cause independently known to exist. Sometimes it is ge^!!^iy 
said, as, for instance, by Ueberweg, that it is one which has ^^^^^gf 
been " already shown to exist as an actual power in Nature " pendentiy 
(op, citf p. 511), but this restriction certainly cannot be ®^°' 
justified. As De Morgan says : " The physical philosopher 
"has frequently to conceive law which never was in his 
"previous thought — to educe the unknown, not to choose 
"among the known" {Budget of Paradoxes^ p. 51). Mill 
holds the meaning to be " that the cause, though not known 
" previously, should be capable of being known thereafter ; 
" that its existence should be capable of being detected, and 
"its connexion with the effect ascribed to it should be 
"susceptible of being proved, by independent evidence" 
(^LogiCf III., xiv., § 4). Similarly, Herschel says vei^ce causce 
" must be such as we have good inductive grounds to believe 
" do exist in nature, and do perform a part in phenomena 
"analogous to those we would render an account of; or 
" such, whose presence in the actual case can be demonstrated 
" by unequivocal signs " {Nat. Phil., § 209). The evidence 
to be required is not that of direct perception. To demand, 
indeed, that the agent assumed should be open to direct 
perception would be to exclude many of the most fruitful 
hypotheses of modern science, e,g, the atomic theory of the 
constitution of matter, and the undulatory theory of light 
with its assumption of a luminiferous ether. Herschel, 
apparently, reduces the rule to a requirement that the 
hypothesis assumed shall be sufficient to account for the 
phenomena, and shall be suggested by analogy, after a careful 
examination of the facts. And this is also the sense in 
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Book V. which "Whewell accepts it, when he eays that verce causcB are 

Ch^v. t( QQ^ those which are collected in a loose, confused and pre- 

^' carious manner, hy undisciplined minds, from obvious 

'* phenomena, but those which are justly and rigorously 

" inferred " {Phil, of Discovery, p. 189), and he regards it 

as valuable as expressing " one of the most important tests 

"which can be given of a sound physical theory" (ibid.^ 

p. 190), viz., the consilience of inductions [see § 145 (vi.)]. 

Therefore he says : " Newton's Rule, then, to avoid mistakes, 

" might be thus expressed : That we may, provisorily, assume 

" such hypothetical cause as will account for any given class 

" of natural phenomena ; but that when two different classes 

*^ of facts lead us to the same hypothesis, we may hold it to 

butinde- "be a true cause" (ibid., p. 192). But this demand for 

Sence is not independent evidence seems to be merely an outcome of 

essential ^he enumerative view of induction, and to have no remote 

connexion with the doctrine of chances. There is also, 

throughout all, a manifest separation of the cause from its 

efEect, a regarding it as something external to the phenomena 

which it determines, as an agent which by its own power, 

and irrespective of the nature of the object acted on, 

A Vera produces certain results. Taking the view that cause is the 

whwB as-"* totality of conditions, we must hold that a vera causa is 

sumption is simply that complex of conditions which alone avoids con- 
necessary to * "^ *• 
reconcUe tradiction in our thought, that is, which alone enables us 

d5J2^^ to think the phenomena as part of systematic reality. As 

Dr. Bosanquet puts it : "A vera causa ... is a thing, or 

"occurrence in a thing, whose reality we are thoroughly 

"convinced of from the necessity of reconciling observed 

" data, and there is no reason in the nature of things why 

" a single science or a single range of reality should not 

" suffice to produce such conviction " (Logic, vol. ii., p. 159). 

Of course, every hypothesis which is proved to be true, is 

a hypothesis with a vera causa. Whatever we regard as a 

vera causa, we regard as necessary in all its details, if not 

to the production of the phenomena with which we are 

more immediately concerned, yet for that of some other 

phenomena. We regard it, in short, as part of reality and 
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in real and necessary relation with the facts we are con- Book V. 
sidering. ^^- ^^' 

Bule n. Newton's Second Rule is doubtless valid, but, Rule ii. 
as Whewell says, *' The question is, Are the effects of the 
"same kind? This once settled, there will be no question 
" about the propriety of assigning them to the same cause " 
(op. ciLf p. 193). This can only be ascertained by a careful 
analysis of the facts and comparison of them with the con- 
clusions rigorously deduced from a hypothesis clearly con- 
ceived. " Thus it does not appear that this Rule of Newton 
"can be interpreted in any distinct and positive manner, 
"otherwise than as enjoining that, in the task of induction, 
" we employ clear ideas, rigorous reasoning, and close and 
" fair comparison of the results of the hypothesis with the 
"facts"(i6«U, p. 194). 

Rule m. Newton's Third Rule can scarcely be accepted Rule iiL 
as it stands. Th^ extension of qualities to unobserved 
bodies cannot be justified by simple enumeration. It is 
only the demand of thought — the impossibility of conceiving 
the universe as a unity without such extension — that will 
justify it in any case. " The Rule," says Whewell, " cannot 
"be applied without attempting to decide, by the casual 
" limits of observation, questions which necessarily depend 
"upon the relations of ideas" {ibid., p. 196). 

Rule rV. Newton's Fourth Rule is valuable as pointing Rule iv. 
out the necessity of careful verification, and of needful 
modification of hypotheses ; and also as indicating the value 
of mere working hypotheses. 

(ii.) Conditions of a Valid Hypothesis. 

(a) Statement of Conditions. Every hypothesis is an a good 
attempt to find meaning in observed phenomena, to consti- ^^^a^'*" 
tute reality in a rational way. It follows that the f unda- "v^^ ^ 
mental condition of a valid hypothesis is that it should facts 
explain and give meaning to the facts of observation. And 
it can only do this if it embraces those facts in that syste- 
matic whole which is the one form under which it is 
pOHsible to think the universe. This general condition. 
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BookV. then, may be considered as involving three subordinate 
Chujv. conditions : — 

(1) That the hypothesis be self-consistent, and in 

harmony with all other laws included in the con- 
ceived system of reality. 

(2) That it furnish a basis for rigorous deductive infer- 

ence of consequences. 

(3) That these inferred consequences be in agreement 

with reality. 

Of these conditions, the first two are applicable to the 
formation of every hypothesis, no matter how provisional a 
character it may have ; the third is a condition of the accept- 
ance of a hypothesis as true. Tuese conditions are practically 
the same as those enunciated by Jevons in his Principlesi of 
Science (p. 511), and are in substantial agreement with those 
set forth by Herschel in his Discourse on.Natural Philosophy, 
where he requires that the hypothesis " shall render a rational 
" account of any natural phenomena," that its consequences 
shall be followed out, and compared ** with all the particular 
"cases within our knowledge " (§§ 209, 210). 
A hyiiotho- (b) Examination of Conditions, First Condition. The 
be seif-o)!!- requirement that a hypothesis do not involve consequences 
sistent and which would be inconsistent with itself, and that it be not 
received in Conflict with any other received law is obviously necessary, 
^^^* as the very aim of enquiry is to obtain a more consistent and 

systematic understanding of reality. Of course, hypotheses 
which were inconsistent with conceptions of nature previously 
held, have been not only formed but proved, as e.g. when 
the Oopernican theory of the heavens was substituted for the 
Ptolemaic. But in every such case the new hypothesis is not 
held concurrently with theories inconsistent with itself ; on 
the contrary, the previously accepted theories are modified 
and brought into harmony with the new view necessitated by 
the fuller study of reality. As science advances, the proba- 
bility that necessity will arise for any such thorough-going 
revision of our concept of any aspect of reality becomes 
continually smaller. 
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Mere difficulty of conception, however, as Jevons points Book V. 
ont, is not a bar to the acceptance of a hypothesis. Many of c^^. 
the best approved theories of modern science present con- Difficulty of 
siderable difficulties. That gravity should act through space ^ no^SS^ 
not filled with any medium for its operation, and that its ^^^ *^* . 
power should be exercised in absolute disregard of inter- 
vening obstacles are such difficulties. Nor is it easier to 
conceive the luminif erous ether demanded by the undulatory 
theory of light. " We are asked by physical philosophers,'' 
says Jevons, " to give up our presuppositions, and to believe 
** that interstellar space which seems empty is not empty at 
"all, but filled with something immensely more solid and 
"elastic than steel. As Young himself remarked, *the 
" luminiferous ether, pervading all space, and penetrating 
"almost all substances, is not only highly elastic, but abso- 
" lutely solid ! ! I* Herschel calculated the force which may 
" be supposed, according to the undulatory theory of light, 
" to be constantly exerted at each point in space, and finds it 
" to be 1,148,000,000,000 times the elastic force of ordinary 
" air at the earth's surface, so that the pressure of ether per 
" square inch must be about seventeen billions of pounds. 
" Yet we live and move without appreciable resistance 
" through this medium, immensely harder and more elastic 
" than adamant. All our ordinary notions must be laid 
" aside in contemplating such an hypothesis ; yet it is no 
" more than the observed phenomena of light and heat force 
♦* us to accept " (Prin. of Sc, pp. 515-6). 

Second Condition. It is impossible to infer any conse- a hypo- 
qneuces from the absolutely unknown. As Jevons says : ^^^ J^jJ 
** We can only infer what would happen under supposed con- Jf' doduc- 
" ditions by applying the knowledge of nature we possess to ence. 
"those conditions" (op. cit, pp. 511-2). Hence, our hypo- 
thesis must be always in accordance with some analogy, or 
based on some experience ; otherwise we can draw no con- 
clusions from it. To again quote Jevons : " When we 
** attempt to explain the passage of light and heat radiations 
'< through space unoccupied by matter, we imagine the exist- 
" ence of the so-called ether. But if this ether were wholly 

LOO. II. 7 
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Book V. " different from anything else known to us, we shonld in 

Chjty. u yj^in ^ry to reason about it. We must apply to it at least 

''the laws of motion, that is, we mast so far liken it to 

" matter. And as, when applying those laws to the elastic 

'' medium air, we are able to infer the phenomena of sound, 

" so by arguing in a similar manner concerning ether we are 

"able to infer the existence of light phenomena correspond- 

" ing to what do occur. All that we do is to take an elastic 

" substance, increase its elasticity immensely, and denude it 

" of gravity and some other properties of matter, but we mnst 

" retain sufficient likeness to matter to allow of deductive 

" calcnlations " (op, cit, p. 512). 

This condi- It was to this necessity of securing that hypotheses should 

vSve^New- ^®* ^® ™®'® arbitrary fictions that we may attribute the first 

ton's first two of Newton's Rules of Philosophizing ; the condition we 

are discussing demands a " trne cause " in the only sense in 

which the requirement can be admitted. It is on the gronnd 

of the violation of this condition, that Clifford objects to Lord 

Kelvin's hypothesis that an atom is a vortex-ring in a perfect 

liquid [of. § 149 (i.)]. He says : " A true explanation 

" describes the previous unknown in terms of the known ; 

'' thus light is described as a vibration, and such properties of 

" light as are also properties of vibrations are thereby ex- 

" plained. Now a perfect liquid is not a known thing, but a 

" pure fiction. The imperfect liquids which approximate to 

" it, and from which the conception is derived, consist of a 

" vast number of small particles perpetually interfering with 

** one another's motion. This molecular structure not only 

" explains the fact that they behave like perfect liquids when 

" at rest, but also makes it necessary that they should not 

'* behave like perfect liquids when in motion. Thus a liquid 

" is not an ultimate conception, but is explained — it is known 

" to be made up of molecules ; and the explanation requires 

"that it should not be frictionless. The liquid of Sir 

"William Thomson's hypothesis is continuous, infinitely 

" divisible, not made of molecules at all, and is absolutely 

"frictionless. This is ... a mere mathematical fiction'' 

liBctures and Easaya^ p. 169). 
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Another essential of a hypothesis from which rigorous BookY. 
deductive inferences can be drawn is that it shall be con- ^^ ^' 
ceived with perfect clearness and definiteness. If it relates a hypo- 
to phenomena capable of quantitative measurement it must be o^ear and 
be expressed with mathematical exactness, so that the precise d«*^t«- 
amount of its results can be calculated. These conditions, we 
have seen, Newton fulfilled with the hypothesis of gravity [see 
§ 150 (i.)] . This also is the case with the laws of physics, which 
are, indeed, more exact than the observations or experiments 
by which they are tested, because of the imperfection which 
attends all actual physical measurements. 

Third Condition. As the very aim of every hypothesis The conse- 
is to express the relations which exist in reality, it is JSroS^rom 
obviously essential that the hypothesis should be verified by ^u^?^SS>' 
comparison of the results deduced from it with facts of withreaiity. 
observation. In order that this may be done it is essential 
that the consequences of the hypothesis should be inferred 
with the utmost precision, and that the comparison of these 
consequences with the facts should be made with great care 
and accuracy. The hypothesis must, of course, in the first 
place agree with the phenomena it was invented to explain. 
But we must not rest satisfied with this. It must be com- 
pared with facts of the greatest possible variety, and exem- 
plifying every possible case which can be brought under the 
hypothesis. A single absolute disagreement with facts is 
f&tal to a hypothesis. Nevertheless, a hypothesis is not to 
be hastily almndoned on the first prima facie conflict with 
reality. It must be made clear first thtft the opposing facts 
have been rightly grasped — that they really are in conflict 
with the hypothesis. And if this turns out to be the case, 
enquiry should then be made as to whether they have not 
been partly determined by the existence of interfering con- 
ditions, in the absence of which they would be found in 
agreement with the hypothesis . And, finally, if, after making 
all such allowances, the facts are still in conflict with the 
hypothesis, it must be considered whether a modification of 
the latter will meet the case, or whether it must be absolutely 
rejected. 
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The exist- 
ence of new 
facts may be 
deduced 
from a true 
hypo^esis. 



Examples 
from gravi- 
tation, 



from the un* 
dulatory 
theory of 
Ughl^ 



(iii.) Extension of Hypotheses. 

If the hypothesis is true, it will generally he possihle 
to infer deductively from it facts which have not been 
before explained or which have even been unobserved. 
Though Comte's saying that "Prevision is the test of 
" true theory " cannot be accepted absolutely, as a hypo- 
thesis may be true even though it does not enable the 
discovery of new facts to be predicted, yet it is, doubt- 
less, one of the tests of the validity of a hypothesis. As 
Whewell says : " When the hypothesis, of itself and without 
'* adjustment for the purpose, gives us the rule and reason of 
** a class of facts not contemplated in its construction, we have 
" a criterion of its reality, which has never yet been pro- 
" duced in favour of falsehood ** (Nov, Org, Ben., p. 90). The 
history of science is full of such extension and prediction. 
Thus, for example, the discovery of Neptune was predicted 
by deductive reasoning from the principle of gravitation. 
Other instances of deductions from the same theory are thus 
summarized by Whewell : " The attraction of the sun 
'* accounted for the motions of the planets ; the attraction 
'^ of the planets was the cause of the motion of the satellites. 
'* But this being assumed, the perturbations, and the motions 
" of the nodes and aphelia, only made it requisite to extend 
*' the attraction of the sun to the satellites, and that of the 
** planets to each other ; — the tides, the spheroidal form of 
** the earth, the precession, still required nothing more than 
<* that the moon and sun should attract the parts of the earth, 
^* and that these should attract each other ;~so that all the 
*' suppositions resolved themselves into the single one, of the 
"universal gravitation of all matter " (op. city p. 92). 

The undulatory theory of light has led to a great wealth 
of anticipations. The anticipation of the phenomena of 
circular polarization by Fresnel is thus described by 
Whewell — "Having ascertained by observation that two 
" differently-polarized rays, totally reflected at the internal 
" surface of glass, sufEer different retardations of their nnda- 
'^ lations, he applied the f ormulsB which he had obtained for 
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" the polarizing effect of reflection to this case. But in this Book V, 

" case the f ormnlse expressed an impossibility ; yet as alge- OIlIV. 

*^ braical f ormnlsa, even in such cases, have often some mean- 

" ing, *I interpreted,' be says, *in the manner which appeared 

*' to me most natural and most probable, what the analysis 

** indicated by this imaginary form ' ; and by such an inter- 

" pretation he collected the law of the difference of undula- 

*' tion of the two rays. He was thus able to predict that by 

" two internal reflections in a rhomb, or parallelopiped of 

^* glass, of a certain form and position, a polarized ray would 

" acquire a circular undulation of its particles ; and this 

•* constitution of the ray, it appeared, by reasoning further, 

" would show itself by its possessing peculiar properties, 

" partly the same as those of polarized light, and partly 

"different. This extraordinary anticipation was exactly 

"confirmed" {Hist of Ind, Sciences^ vol. ii., p, 367). 

Another example is Whewell's own prediction that as the from the 
tides of the German Ocean consist of interfering tidal wavesj *^ ®*' 
one comiug round the North of Scotland and the other 
through the English Channel, there would be a point about 
midway between Lowestoft and Brill on the coast of 
Holland, where no tide would be found, the two interfering 
waves exactly neutralizing each other. The accuracy of this 
prediction was established during a survey of that sea. 

The next instance we will take is a striking one as it shows from 
how a clearly conceived hypothesis may be justifiably main- ^^ ^^^* 
tained even though results may be deduced from it which 
are at variance with present experience, if it can be shown 
that the hypothesis explains these exceptions. It is thus 
recorded by Herschel: "When Dr. Hutton expounded his 
'* theory of the consolidation of rocks by the application of 
"heat, at a great depth below the bed of the ocean, and 
" especially that of marble by actual fusion ; it was objected 
"that, whatever might be the case with others, with cal- 
" careous or marble rocks, at least, it was impossible to grant 
"such a cause of consolidation, since heat decomposes their 
" substance and converts it into quicklime, by driving off the 
" carbonic acid, and leaving a substance perfectly infusible, 
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and from 
electricity. 



" and incapable even of agglutination by heat. To this he 
** replied, that the pressure under which the heat was applied 
** would prevent the escape of the carbonic acid ; and that 
** being retained, it might be expected to give that fusibility 
" to the compound which the simple quicklime wanted. The 
"next generation saw this anticipation converted into an 
** observed fact, and verified by the direct experiments of Sir 
" James Hall, who actually succeeded in melting marble, by 
"retaining its carbonic acid under violent pressure" (Nat. 
Phil, § 299). 

As a last example we will take one from the theory of 
Electricity, quoted by Jevons. " As soon as Wheatstone had 
" proved experimentallv that the conduction of electricity 
" occupies time, Faraday remarked in 1838, with wonderful 
** sagacity, that if the conducting wires were connected with 
" the coatings of a large Leyden jar, the rapidity of conduc- 
" tion would be lessened. This prediction remained unverified 
"for sixteen years, until the submarine cable was laid beneath 
"the Channel. A considerable retardation of the electric 
" spark was then detected, and Faraday at once pointed out 
" that the wire surrounded by water resembles a Leyden jar 
"on a large scale, so that each message sent through the 
" cable verified his remark of 1838 " {Prin, of Set,, p. 643). 



(iv.) Crucial Instances. 

ACruciaZ It happens sometimes that two or even more different 

exppHmmi hypotheses will explain a great number of the phenomena 

decides be- in question. In such a case, it is necessary to look for 

hypotheses, some instance which can be explained on one only of 

these rival hypotheses. As Ueberweg puts it : " One single 

"circumstance, which admits of one explanation only, is more 

" decisive than a hundred others which agree in all points 

" with one's own hypothesis, but are equally well explained 

"on an opposite hypothesis" {Logic, Eng. Trans., p. 513). 

Such a test case is called a Crucial Instance, and if arrived at 

by experiment, the experiment is named Experimentum 

Orucis, The term is adopted from Bacon, who tells us that 
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it is " transferred from the crosses (or finger-posts) which Book V. 
" are put up in crossways to mark and point out different ^^' ^^' 
" ways" (Nov, Org., Bk. II., Aph. 36). The essence of such 
an instance is that it should absolutely negative one hypo- 
thesis, and at the same time confirm another. 

The most remarkable instance in modem science in which f'^^J^P^®^ 
many phenomena were equally well explainable on either of tweon the ^ 
two incompatible hypotheses, was in the case of the long onighr*^^* 
rivalry between the corpuscular and the undulatory hypo- 
theses of light. "It is remarkable," says Jevons, "in how 
''plausible a manner both these theories agreed with the 
" ordinary laws of geometrical optics, relating to reflection 
" and refraction " (Pr. of Sc., p. 520). But "if the undula- 
" tory theory be true, light must move more slowly in a dense 
" refracting medium than in a rarer one ; but the Newtonian 
" theory assumed that the attraction of the dense medium 
" caused the particles of light to move more rapidly than in 
"the rare medium. On this point, then, there was com- 
"plete discrepancy between the theories, and observation 
" was required to show which theory was to be preferred. 
" Now by simply cutting a uniform plate of glass into two 
" pieces, and slightly inclining one piece so as to increase 
*Hhe length of the path of a ray passing through it, experi- 
" mentors were able to show that light does move more 
*• slowly in glass than in air " (op, cit.^ p. 521). 

Another experimentum cruets in connexion with the same 
two hypotheses is related by Herschel. He says : " When 
" two very clean glasses are laid one on the other, if thoy be 
" not perfectly flat, but one or both in an almost impercep- 
"tible degree convex or prominent, beautiful and vivid 
"colours will be seen between them; and if these be viewed 
" through a red glass, their appearance will be that of alter- 
"nate dark and bright stripes. These stripes are formed 
" between the two surfaces in apparent contact, as anyone 
**may satisfy himself by using, instead of a ^Sit plate of glass 
** for the upper one, a triangular-shaped piece, called a prism, 
** like a three-cornered stick, and looking through the inclined 
** side of it next the eye, by which arrangement the reflexion 
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Book V. " of light from the upper surface is prevented from intermix- 
ChjLV. »ijjg ^j^jj ^jjj^jj from the surfaces in contact. Now the 
^* coloured stripes thus produced are explicable on both 
<* theories . . . but there is a difference in one circumstance 
'* according as one or the other theory is employed to explain 
"them. In the case of the Huyghenian [the undulatory] 
*' doctrine, the intervals between the bright stripes ought to 
** appear absolutely black; in the other, half bright^ when so 
" viewed through a prism. This curious case of difference 
" was tried as soon as the opposing consequences of the two 
** theories were noted by M. Fresnel, and the result is stated 
" by him to be decisive in favour of that theory which makes 
"light to consist in the vibrations of an elastic medium" 
(Nat Phil, § 218). 
Example But it is not only between great rival theories that 

th^ry^"^ ° experimenta cruets may be called to decide. Whenever two 
explanations of a phenomenon are possible, such an experi- 
ment is required. For instance, in investigating the nature of 
the molecular structure of a gas : If the gas is compressed are 
the molecules themselves compressed, or are they only brought 
nearer to each other ? Now, if the former is the case, the 
rate of vibration of the molecules will be altered. But a 
gas intercepts the colours whose rates of vibration correspond 
with those of its molecules. If, therefore, the rates of 
vibration are changed by compression of the gas, the gas will 
no longer intercept the same colours as before ; but if the 
molecules are simply brought nearer together, the same 
colour waves will be intercepted, but to a greater extent. 
The latter being shown to be the case by experiment, it is 
proved that compression of the gas does not affect the size 
of the individual molecules of which it is composed, but 
simply brings them closer together. 

152. Establishment of Hypotheses. 

It remains to ask when a hypothesis may be regarded as 

fully established. The answer cannot be better given than 

A hypo- in the words of Clifford : "In order to make out that your 

thesis is es- ... . 

tabUahed " supposition IS true, it IS necessary to show, not merely that 
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"that particular supposition will explain the facts, but also Book V. 
"that no Other one will " (Lectures and Essays, p. 137). In <^^- 
other words, it must be possible not only to reason from the whenit^ 
hypothesis to the facts, but from the facts back to the hypo- the only one 
thesis, without any other supposition being admissible at any ^^J\^^ 
step. The formal expression of this is that the hypothetical facts ; 
proposition, If 8 is A/, it is P, which expresses the hypothesis i,e, when it 
must be reciprocal, so that If 8 is P, it is M is equally true. by?re^ro- 
Whether this has been secured in any particular case is, of JjJJJyP*****®* 
course, a material question, and resolves itself into the sition. 
enquiry whether the conditions have been so thoroughly 
analysed that we are able to say that they, oa such, produce 
the phenomena. Jevons, basing his theory of induction on 
the doctrine of chances, holds that no hypothesis can ever 
attain certainty, and that the only mode of establishing one 
as the most probable is by successively proving other supposi- 
tious false. But the mere disproof of one hypothesis does 
not aid in the establishment of another unless the instance 
which caused the former to be rejected also brought some 
positive evidence to the support of the latter ; as was the 
case in each of the crucial experiments we considered in the 
last section. When a hypothesis is thus established as true a Theory ia 
it is called a Theory, Both words are often used loosely and ushed 
regarded as interchangeable ; but the best usage is to confine ^^ypothesis. 
' Theory * to a proved and established explanation. 

One of the most important of these fully established Among such 
theories is that of gravitation. Newton clearly proved by gravitation, 
exact mathematical reasoning that no assumption except 
that of a force in the exact direction of the sun would so 
determine the course of each planet that the line from its 
centre to the centre of the sun should describe equal areas 
in equal times, as Kepler had demonstrated is the case in 
fact. Similarly, the formula that the force of gravity 
varies directly with the mass and inversely with the square 
of the distance was shown to be the only one whose con- 
sequences would agree with the phenomena. 

The undulatory theory of light and the theory of the 
molecular constitution of matter are also regarded by such 
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Book V. scientists as CliflFord as thoroughly established. Experiments 
Ch^v. xipon interference of light prove without any room for 
♦^e unduia- doubt that ** in every ray of light there is some change or 
©light and "othcr, whatever it is, which is periodic in time and in 
of \he mole- " ^P*^^* ^y s^yi^g ^^ ^ periodic in time, I mean that, at a 
cuiarcon- "given point of the ray of light, this change increases np 
stitutionof .." x • • ^ ^ xu j xu • • xi. 

matter. to a Certain instant, then decreases, then increases m the 

*^ opposite direction, and then decreases again, and so on 
"alternately. . . . By saying that this phenomenon is 
" periodic in space, I mean that, if at any given instant you 
" could examine the ray of light, you would find that some 
" change or disturbance, whatever it is, has taken place all 
" along it in different degrees. It vanishes at certain points, 
"and between these it increases gradually to a maximum 
" on one side and the other alternately. . . . Now this fact, 
" which is established by experiment, and which is not a 
" guess at all — the fact that light is a phenomenon periodic 
"in time and space — is what we call the wave theory of 
" light. . , . But we can see more than this . . . We know 
" that a ray of light or heat is capable of doing work . . . 
" therefore this periodic phenomenon which takes place in 
" the ray of light is something or other which possesses 
" mechanical energy, which is capable of doing work. We 
" may make it, if you like, a mere matter of definition, and 
" say : Any change which possesses energy is a motion of 
" matter. ... In that sense, and in that sense only, it is a 
" matter of demonstration, and not a matter of guess, that 
" light consists of the periodic motion of matter, of some- 
" thing which is between the luminous object and our eyes. 
" But that something is not matter in the ordinary sense of 
"the term; it is not made np of such molecules as gases 
" and liquids and solids are made up of. This last state- 
" ment again is no guess, but a proved fact. ... In order 
"that separate molecules may carry about a disturbance, 
" it is necessary that they should travel at least as fast as 
" the disturbance travels. Now we know . . . that the 
"molecules of gas travel at a very ordinary rate — about 
" twenty times as fast as a good train. But, on the con- 
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" trary, we know by the most certain of all evidence, by Book V 
** five or six different means, that the velocity of light is Ch^V. 
" 200,000 miles a second. By that very simple consideration 
" we are able to tell that it is qnite impossible for light to 
" be carried by the molecules of ordinary matter, and that 
"it wants something else that lies between those molecules 
"to carry the light'' (Clifford, op. cit, pp. 138-140). Thus 
the theory is proved to be true as it can be argued back to 
from the facts, and at no step is a different supposition 
possible. Further, the absorption of different coloured 
rays of light — which are known to depend on the rate of 
vibration — ^by different gases, proves that the gases possess 
corresponding rates of vibration. The further fact that 
compression of a gas does not affect this rate of vibration — 
as is proved by the same coloured rays being still absorbed 
— proves that the vibration does not belong to the gas as a 
whole but to the separate parts of it. "Now, by such 
" reasoning as this,'' says Clifford, " it seems to me that the 
" modern theory of the constitution of matter is put upon 
"a basis which is absolutely independent of hypothesis" 
(ibid,, pp. 140-2). 

It is sometimes said that the simplicity of a hypothesis is SimpUcity 
a test of its truth. But, in the ordinary meaning of * sim- of the truth 
plicity ' this cannot be accepted. Nature is complex, and its Jheg^^^^* 
complexity cannot be represented by simple theories. As 
Herschel reminds us : " When we examine those instances 
"of Nature's workmanship which we can take to pieces 
" and understand, we find them in the highest degree arti- 
"ficial in our own sense of the word" (Nat, Phil., § 215). 
No doubt, if two hypotheses are presented, one of which 
explains the facts in a simpler way than the other — as, 
e,g., by the assumption of the action of a known instead of 
an unknown agent — it is prima facie to be preferred for 
investigation ; but the test of its acceptance must be that 
thorough-going and reciprocal relation to the observed facts 
which we have just considered. It is only when the hypo- 
thesis deals with " those fundamental forces, whose constant 
" action under all sorts of secondary conditions makes up the 
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Book v. "complex tissue of physical processes" that simplicity is a 

Ch^v. characteristic of its truth ; and it is so then " hecaose for 

except in " those pure cases only one of the simpler forms of regular 

the sense of ,, , *^ i. . ./«.... ^ ^ 

more "coherence . . . between cause and effect is in fact con- 

^ste^ti. "ceivable'* (Lotze, op. cit, vol. ii., p. 89). This leads us to 
zaUon. one sense of the word in which true hypotheses are marked 
by simplicity, in the sense, namely, that a true theory is 
found to explain wider and wider ranges of reality, and thus 
to make our concept of the universe a simpler, because a mere 
systematic, one. This is the sense in which Whewell regards 
simplicity as a test of a true hypothesis. With true theories 
he tells us " all the additional suppositions tend to simplicity 
" and harmony ; the new suppositions resolve themselves 
" into the old ones, or at least require only some easy modi- 
" fication of the hypothesis first assumed : the system 
"becomes more coherent as it is further extended. The 
" elements which we require for explaining a new class of 
"facts are already contained in our system. Different 
" members of the theory run together, and we have thus a 
" constant convergence to unity. In false theories, the oon- 
"trary is the case. The new suppositions are something 
" altogether additional ; — not suggested by the original 
" scheme ; perhaps difficult to reconcile with it. Every such 
" addition adds to the complexity of the hypothetical system, 
*' which at last becomes unmanageable, and is compelled to 
" surrender its place to some simpler explanation " (Nov, Org, 
Ren,, p. 91). 
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CHAPTER V. 

ANALYSIS OF THE GIVEN. 

153. Observation and Experiment. Book V. 

Ch. V 

(L) Nature of Observation. — ' 

We must now consider the means by which the truth of Theories 
theories aboat reality can be established. As Mill says : SbUshwiTy 
** The order of nature, as perceived at a first glance, presents a^ysis of 
"at every instant a chaos followed by another chaos" (III., 
vii., § 1) ; it is only the demand of the rational mind 
for system that compels us to regard this chaos as only 
apparent, and to seek to find beneath it regularity and 
law. And the only method by which we can hope to 
accomplish this is by analysing the complex phenomena 
presented to us, and examining them in detail. This This anaiy. 
analysis is both mental and practical. It is mental first, practl^ as 
in that before we attempt to make an actual examination ^^^^ 
of the real we must decide as to the character of that 
examination. But it is also practical, or we have mere 
theorizing out of all relation to fact. Nor do we ever 
doubt the theoretical possibility of such practical analysis ; 
when we actually fail in any attempt to make it, we 
attribute the failure to the weakness of our perceptive 
powers, and not to the character of the phenomena of 
experience. 

Now all analysis of phenomena implies isolation, and all A^ analysis 

_ •/?•■» A . • implies iso- 

isolation is more or less artificial. Attention is concentrated ution and 

on some elements of the complex totality of presentation, ^®^®<^**®"- 

and is withdrawn from all others. It is so, even in the 

simplest act of perception, which is always selective. It is 

not the whole complex of sense impressions we attend to at 
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Book V. any moment, but only those in which, for some reason or 
^^^ ' other, we are interested. And the character of the selection 
made is determined, not by the resemblance of sensuous 
impressions to each other, but by the necessity of explaining 
their connexion in experience. Thus we attribute one group 
of impressions received through various senses to one object, 
another group to another object, others to the simultaneous 
or successive connexions of those objects. Even in the 
simplest case, that is to say, we interpret our experience 
nnder the forms of identity, time, and space. From the 
first, then, we have in observation the selective and consti- 
tutive activity of mind in determining what is a thing or an 
Bothobser- event, and this activity can only be exercised under the 
interpreta- guidance of previous knowledge. Moreover, the under- 
previo^^^ standing of a fact is also determined by what the observer 
knowledge, already knows ; a piece of machinery, for instance, means 
fore involve more to an engineer than to an observer with equally good 
inference, gense organs who is ignorant of machinery ; the former, 
indeed, actually sees more in it than does the latter. And 
the same holds with the most elaborate observations. The 
scientific observer selects the phenomena he will examine, 
and leaves out of consideration the far greater mass of 
phenomena which he considers immaterial to the purpose he 
has in hand. And both the intelligence with which the 
phenomena to be observed are selected, and the power of 
finding meaning in the observations when they are made, 
depend upon the character of the mind of the observer — not 
only upon his previous knowledge, but also upon that inde- 
scribable insight which marks the true discoverer. These 
considerations show how false is the empiricist doctrine that 
all knowledge is derived from mere sensuous impressions. 
What one finds in any object examined is largely determined 
by what one brings to the examination. For instance, many 
broken crystals had been seen without the fracture suggesting 
the laws of crystalline formation. It was only when the 
phenomenon was observed by a well-prepared mind, such as 
was that of Haiiy, that the observation bore fruit [c/". § 147 
(ii.) (c)]. Professor Mackenzie well expresses this when he 
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says : " The r61e of the mere observer must always be a humble Book V. 

"one, even in the case of those sciences which offer him the ^•^ ' 

" most abundant scope. The true * seer/ indeed, is the rarest 

" of all discoverers : but the true seer is one who brings to his 

" observation more than he finds in it. The drudgery of the 

" patient interrogator of nature is made divine only when it 

" is inspired by ideas which are not objects of observation " 

(Introd. to Social Philosophy, p. 13). To put it briefly; 

all perception involves selection and interpretation, and both 

these are inference. In simple cases, no doubt, the inference 

is subconscious ; but the total process does not differ in 

essence from that in which the inferential aspect is most 

prominent. 

To this inferential character of observation is, however, Observation 
due one of its chief difficulties — the difficulty of distinguish- ^tm^d by 
ing between what is really perceived and what is inferred. ^^• 
We cannot separate our ideas from the material to which 
they give meaning, and hence comes the danger that the 
facts may be wrongly interpreted through some previous 
bias. We are all apt to find in the facts of observation 
what we expect or wish to find in them. As Jevons says : 
" It is difficult to find persons who can with perfect fairness 
** register facts for and against their own peculiar views " 
(Prin. of Sci,y p. 402). Logic can give no rules for the 
avoidance of this difficulty. Indeed, as the whole matter is 
psychological and subjective, it does not really enter into the 
province of logic at all ; the means of training the power of 
accurate observation belong to the general theory of educa- 
tion, not to logic. It is sufficient to point out the danger, 
and to indicate the qualities of mind by which it can be 
avoided. These are neatly summed up by Jevons : " The 
"successful investigator," he says, "must combine diverse 
" qualities ; he must have clear notions of the result he 
" expects and confidence in the truth of his theories, and 
"yet he must have that candour and flexibility of mind 
"which enable him to accept unfavourable results and 
" abandon mistaken views " (op. cit., p. 404). 

Nor is the matter of selection less difficult. The 
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Selection re> 
quires abun> 
dant know- 
ledge. 



Non-obser- 
vation does 
not prove 
non-exist- 
ence of a 
phenome- 
non, unless 
its existence 
would cer- 
tainly in- 
volve its 
observation. 



Negative 
eviaence 
should be 
made as 
complete as 
po«nble. 



phenomena it is desired to investigate are arbitrarily 
isolated, and this isolation may not be as complete as it 
appears to be. Conditions of which no account has been 
taken may really be operative, and interfere with the conrse 
of events it is desired to study. For the avoidance of 
this difficulty also, logic can give no exact rules. It is all- 
important to select for examination just those conditions 
which are essential, and to take account of all the conditions 
which are operative in the phenomena nnder investigation. 
But mere rules will not enable an observer to do this. The 
extent to which he can do it depends upon the thorough- 
ness with which he can understand the phenomena, and this 
is largely determined by the knowledge he brings to the 
examination. Thus, as Herschel says : '' To make a perfect 
"observer ... an extensive acquaintance is requisite, not 
"only with the particular science to which his observations 
"relate, but with every branch of knowledge which may 
"enable him to appreciate and neutralize the effect of 
"extraneous disturbing causes" (^Discourse on Nat. Phil.^ 
§ 127). 

One other danger of observation must be noticed — the 
tendency to infer from the non-observation of a phenomenon 
that it is non-existent. To what extent such an inference 
is justifiable depends upon the improbability that the 
phenomenon would have escaped observation had it existed. 
As Jevons says, " The earth's surface has been sufficiently 
"searched to render it highly improbable that any terrestrial 
" animals of the size of a camel remain to be discovered " 
{op. cit, p. 412). But the smaller the phenomenon the more 
likely it is to escape observation. A good instance of this 
is the length of time during which the existence of the new 
constituent of the atmosphere, argon, was unsuspected. 
When a proposition is accepted on merely negative evidence, 
care should be taken to make that evidence as complete as 
possible. An excellent example of this care is seen in the 
investigations which led Darwin, on purely negative evidence, 
to conclude that certain orchids secrete no nectar. Many 
observations both of German naturalists and of Darwin 
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himself seemed to point to this concloBioD, but, says Darwin : Book V. 

"Notwithstanding these several facts I still suspected that ^^- ^ ' 

"nectar most be secreted by our common Orchids, and I 

"determined to examine 0. morio rigorously. As soon as 

"many flowers were open, I began to examine them for 

" twenty-three consecutive days : I looked at them after 

" hot sunshine, after rain, and at all hours : I kept the 

" spikes in water, and examined them at midnight, and early 

" the next morning : I irritated the nectaries with a bristle, 

" and exposed them to irritating vapours : I took flowers 

" which had lately had their pollinia removed by insects, of 

"which fact I had independent proof on one occasion by 

" finding grains of some foreign pollen within the nectary ; 

" and I took other flowers, which judging from their position 

" on the spike, would soon have had their pollinia removed ; 

" but the nectary was invariably quite dry. ... I one day 

"saw various kinds of bees visiting repeatedly the flowers 

" of this same Orchid, so that this was evidently the proper 

" time to examine their nectaries ; but I failed to detect 

"under the microscope even the minutest drop of nectar. 

" So it was with the nectaries of 0. maculata at a time when 

" I repeatedly saw flies of the genus Empis keeping their 

" proboscides inserted into them for a considerable length of 

" time. Orchis pyramidalis was examined with equal care 

" with the same result, for the glittering points within the 

"nectary were absolutely dry. We may therefore safely 

"conclude that the nectaries of the above-named Orchids 

"neither in this country nor in Germany ever contain 

" nectar " (Fertilization of Orchids, pp. 38-9). 

If simple observation is largely dependent upon previous Scientinc 
knowledge still more so is this the case with observations ^b^^" ^ 
made with the aid of scientific instruments, for all such ^o^o^iedge. 
instruments embody in themselves much knowledge. Only 
a very skilled observer is able to use many of the most 
accurate instruments, because he alone can turn to practical 
account the knowledge they embody, and can detect and 
allow for errors incidental to their use. Thus, not only the 
matter which is observed, but the accuracy of the observa- 

LOO. IL 8 
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Book V. tion depends on previous knowledge ; and such accuracy is 
^- ^ ' always a matter of inference from the application of such 
knowledge. Such instruments as microscopes, telescopes, 
balances, and other contrivances for measurement are, there- 
fore, not merely, or even chiefly, aids to sense perception. 
As Dr. Bosanquet says : " Science does not rest on abnormal 
" acuteness of perception, but on inferences drawn from 
"perfectly normal perception. The power of vision for 
" science is not in the least proportioned to its actual im- 
" mediate penetration ; the structure of inference into which 
"it enters is the main thing, and the acuteness of the 
"observer's eye, though useful, is a subordinate element" 
(Knowledge and Reality^ p. 329). 

(ii.) Relation of Observation and Experiment. 

mieend All observation, we have just seen, implies isolation — 

observation mental if not physical — of the phenomena examined. This 

^act know- isolation is perfect, and permits of definite and exact observa- 

ledge of all tiou Only wheu all the material conditions of the phenomenon 

c^Stions, under consideration are fully and exactly known. But this 

is very frequently not the case. Nature presents us with 

complex totalities in which the pure connexion we are 

seeking is obscured by the many extraneous elements with 

which it is mixed up. And further, natural processes are, 

in some cases, so extremely slow and gentle that they escape 

observation. As Lavoisier remarked, the decomposition of 

water had been continually going on, although it had never 

and this can been observed before his time. It is evident, therefore, 

be attained that it is frequently necessary for the observer himself to 

^r^n^t^ ^®t®^™i^® *^® conditions under which he will examine the 

phenomenon. As Jevons says : ^* To observe with accuracy 

" and convenience we must have agents under our control, 

" so as to raise or lower their intensity, to stop or set them 

" in action at will '' (Princ, of Sci., p. 401). Such a definitely 

is^^Serra- determined observation is called an Experiment, It is evident, 

conditiOTM *^^°> *^** *^® difference between observation and experi- 

determined ment is one, uot of kind, but of degree. Experiment is not 

Berver.^ a distinct method of acquiring knowledge, but is rather the 



Digitized 



by Google 



ANALYSIS OF THE GITEN. 115 

preparation of the phenomena under consideration so that Book V. 
the observation may be made under knowu, instead of under ^ ^^ ' 
unknown, conditions, and shall, consequently, attain the 
highest possible degree of accuracy. The object of experi- ita object to 
ment is to eliminate unessential elements in the phenomena, unanenSSd 
so that the pure connexion sought for may be made manifest. «le™«"*«' 
Experiment is, thus, more abstract than observation, in that 
the process of selection and isolation is carried further. 
When complete knowledge of the essential conditions can 
be obtained by observation, experiment is unnecessary. 
Thus, *' experiment only has an advantage over observation, 
*'in so far as it is capable of supplementing the usual 
" deficiencies of the latter ; its function is to furnish us 
** with suitable and fruitful observations instead of the un- 
"suitable and unfruitful ones which offer themselves" 
(Lotze, LogiCj Eng. Trans., vol. ii., p. 40). It is evident, Experiment 
however, that this function is a most important one, and tof!?^oe 
that by experiment knowledge can be advanced much more ^®^*^^ 
rapidly and surely than would be possible were we confined 
to simple observation ; for, in the latter case the chief 
difficulty is to find out what conditions are operative, and 
this often cannot be done with precision, whilst it is the 
very point which the experimenter determines for himself. 
Moreover, in observation one has to wait till suitable 
instances can be found, and this involves much delay even 
when such instances are ultimately forthcoming, which they 
very often are not. It is, generally, only by experimenting 
that instances sufficiently varied in their points of identity 
and difference can be obtained to enable us to ascertain what 
conditions are essential. On the other hand, as Lotze points 
out, ** observation often acquaints us with broad character- but simple 
*' istics of phenomena, which in experiment would have been fJ^^Jn^- 
** obscured by special conditions" (ihid,, p. 40). Again, sary* 
some natural processes are so slow that experiment is im- 
possible. The geologist is, for example, confined to observa- 
tion as to the structure and formation of rocks and the 
occurrence of fossils ; and the biologist is similarly unable 
to experiment on the evolution of species. 
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BookV. The use of a scientific instmment does not make an 
^' ^ ' observation into an experiment, unless the instrument 
inex^ri- modifies the object which is being observed. Thus we 
couditioDs invariably speak of observing with a telescope or a 
^ waiQ^ microscope. The distinction is very cleariy put by Dr. 
grai part of Bosanquet : " The fact is then that experiment is not 
menon^ob^ "merely observation under artificial or determinate con- 
served, "ditions, but observation under determinate conditions which 
** constitute an integral part of the image or product to be 
^^ observed. Thus, common dissection is not experiment, 
'* though it introduces conditions in the way of separation 
" and demarcation as definite as anything can be ; but vivi- 
^ section is experiment, because the determinate conditions 
"it produces enter as factors into the action of the organism 
"observed " {Logic, vol. ii., p. 146). 
* Natural The transition, then, between observation and experiment 

m«ft^' are ^"^ ^ gradual one, as might be expected from the fact that they 
*°*H^ + ho. ^^^®^ ^^y ^^ degree. This transition appears in another 
tween aspcct in what Jevons calls "natural experiments,'' and 
sOTvatton*" which he thus describes : " It may readily be seen that we 
andpure ex- " pass upwards by insensible gradations from pure observation 
" to determinate experiment. When the earliest astronomers 
"simply noticed the ordinary motions of the sun, moon, 
"and planets upon the face of the starry heavens, they 
"were pure observers. But astronomers now select precise 
"times and places for important observations of stellar 
" parallax, or the transits of planets. They make the earth's 
"orbit the basis of a well arranged natural experiment^ as it 
" were, and take well considered advantage of motions which 
"they cannot control. Meteorology might seem to be a 
"science of pure observation, because we cannot possibly 
" govern the changes of weather which we record. Never- 
" theless we may ascend mountains or rise in balloons, like 
*' Guy-Lussac and Glaisher, and may thus so vary the points 
" of observation as to render our procedure experimental. 
" We are wholly unable either to produce or prevent earth - 
"currents of electricity, but when we construct long lines 
" of telegraph, we gather such strong currents during periods 
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** of disturbance as to render them capable of easy observa- Book V. 
" tion " (Prin. of Scl, pp. 400-1). ^• 

(iii.) Function of Experiment.* 

Appeal to experiment is, then, necessary whenever simple Experiment 
observation alone will not make plain all the essential guided^y 
conditions of a phenomenon ; and its object is to eliminate ^yp<^*^«"*«» 
all conditions which are not specially operative in the 
particular case under consideration. Did we know aU the 
conditions present, and needed but to decide which were 
operative and which were not, it would appear to be theo- 
retically possible to empirically determine this question by 
trying every possible combination of both the presence and 
the absence of these conditions. Practically the enormous 
number of experiments involved would render this im- 
possible ; and the fact that conditions are not independent 
elements of reality would add another dif&culty. For the 
removal of one condition not infrequently affects the action 
of those left behind, and similarly the addition of a new 
condition may cause an alteration in the result which could 
not be produced by this condition by itself but only through 
its union with others. However, as we have seen, experiment 
is never carried on in such a merely empirical manner. It 
is always guided by hypothesis suggested by analogy, after 
some examination of the given phenomena. 

We may, then, express symbolically the problem to be The goal of 
solved : Analogy has given us the suggestion that S may be ffto es^b- 
P because both share in the common nature x y z Ry where ciwocai 
Xf y, 1 represent definite known elements, and R the un- hypo- 
analysed, and probably partially unknown, residual nature of poIitSn.^"^ 
the concrete phenomenon under examination. The function 
of experiment is to analyse 5 into a b c RyBO that to each 
element x we can assign its invariable condition a, all other 
elements, of course, being for this purpose, included in R, 
A similar analysis of P is not necessary, as the analysis of 8 
will make clear what is the connexion between P and x y z R, 

* This discussion is broadly based on the treatment of the 
subject by Dr. Bosanquet (Logic, Bk. II., Ch. iv.). 
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Book V. aid whether, therefore, that connexion is one which is the 
^ ^^ ' ground of an essential connexion between 8 and P. But to 
establish a as the invariable and necessary condition of jr, 
it is necessary to prove not merely the pure hypothetical 
If 8 is a then it is x, but also its reciprocal If 8 is x then it 
is a. The goal of experiment is, then, to establish one or 
more of such reciprocal hypothetical judgments, each ex- 
pressing a necessary connexion of elements, and each, of 
course, highly abstract, as it deals with only one relation 
in the complex totality of which every concrete phenomenon 
^« rocipw>- is composed. The only sure way of establishing the 
ment must reciprocal judgment If 8 is x then t^ i« a is to examine 
Ushed*by instances of the absence of a (fi), and so try to show that 
examina- when a is absent x is also absent (Jf) ; in other words to 
tiveSi"^^' establish the judgment If 8 is ^ then it is X, which is the 
itancea. obverted contrapositive of, and, therefore, equivalent to. If 
8 is X then it is a (see § 105 ^). Hence, in every conclusive 
experiment there is comparison of the phenomenon both 
in the presence and in the absence of that particular con- 
dition we are investigating. 

This latter — which is what chemists sometimes call a 

Blind Experiment — is absolutely essential to the establishment 

Negativeex- of the reciprocal judgment. But it is more difficult than the 

more^diffi- positive experiment ; for sometimes the effect may really be 

posiUv^ present but be so small that it either escapes notice altogether 

or is included in and confounded with a larger effect. 

A striking instance of this is the fact, already referred to, 

that though many experiments had been worked on the 

constitution of the atmosphere, yet argon so long escaped 

notice. Jevons quotes a very instructive example of the 

difficulties of negative experiments. He says : " A curious 

" instance of false negative inference is furnished by experi- 

" ments on light. Euler rejected the corpuscular theory on 

«the ground that particles of matter moving with the 

'* immense velocity of light would possess momentum, of 

"which there was no evidence. Bennet had attempted to 

" detect the momentum of light by concentrating the rays of 

" the sun upon a delicately balanced body. Observing no 

1 First Edition, § 119. 
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" resnlt, it was considered to be proved that light had no Book V. 
" momentum. Mr. Crookes, however, having suspended thin <^h^. 
" vanes, blacked on one side, in a nearly vacuous globe, found 
" that they move under the influence of light. It is now 
''allowed that this effect can be explained in accordance 
"with the undnlatory theory of light, and the molecular 
" theory of gases. It comes to this — that Bennet failed to 
'' detect an effect which he might have detected with a better 
" method of experimenting ; but if he had found it, the 
" phenomenon would have confirmed, not the corpuscular 
" theory of light, as was expected, but the rival undulatory 
" theory. The conclusion drawn from Bennet's experiment 
" was falsely drawn, but it was nevertheless true in matter" 
(Prin. of Sci., p. 435). Again, as was pointed out in (ii.) 
above, some conditions — e.g, gravity — cannot be removed, 
and in experimenting on phenomena in which such permanent 
conditions are essential, the experimenter is reduced to vary- 
ing their intensity as far as possible. 

To render a negative experiment conclusive is, therefore, i* ^ neces- 
difficult, though it is, at the same time, essential. Such a elude all in- 
conclusion can be justified only on the assumption that our 0^^^^ 
analysis of the phenomenon is ultimate. And this leads us and them 
to an enquiry into what is meant by R in our symbolism ^ 
xy z R. As the nni verse is a systematic whole, R is, in its 
primary meaning, that whole system. In this sense an 
ultimate analysis is obviously impossible. We, therefore, 
limit R in every case by the elimination of what we have 
reason to think is inoperative so far as the special character 
of the relation we are considering — If 8 is a then it is x — is 
concerned. And it is obvious, as was pointed out above, ™s Jimita- 
[see (i.)] that this limitation can only be made with anyexSnSve^' 
probability of justification by one who has large and varied, ^o^io^fire, 
as well as systematic, knowledge both of the subject under 
investigation and of kindred subjects. There is a limitation 
then of R, first, to those conditions which contain the ground 
of both a and a ; this we may symbolize as /?2, whilst we 
express the whole unanalysed totality which we put on one 
side as Ri. And, secondly, we require to further select out 
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Book Y. of /?2 — which being the groand of both a and 5 is indifferent 
^^•^ ' as to the distinction between them — R^ which is the suffi- 
cient ground of the positive phenomenon jr and which is, con- 
sequently, ultimately reducible to a. Now, the exclusion of 
/?i from consideration, can only be justified by showing that 
it is really irrelevant, and this can only be done by finding 
a number of instances in which /?2 (including Rg) is sufficient 
for the presentation of a and a as required. Number of 
instances is here valuable as confirming the hypothesis that 
/?2 is the sufficient ground of the phenomena in question, 
a^d is liable Qf course, this limitation is liable to error when the 
phenomena are complex, and such error can only be detected 
by extremely careful and varied experiments to determine 
whether any condition is operative which had not been 
suspected, and had, therefore, been relegated to the un- 
analysed Ri, Jevons quotes a striking example : ** In more 
"than one case the unsuspected presence of common salt 
" in the air has caused great trouble. In the early experi- 
" ments on electrolysis it was found that when water was 
" decomposed, an acid and an alkali were produced at the 
" poles, together with oxygen and hydrogen. In the absence 
"of any other explanation, some chemists rushed to the 
"conclusion that electricity must have the power of 
" generating acids and alkalies, and one chemist thought he 
" had discovered a new substance called electric acid. But 
"Davy proceeded to a systematic investigation of the cir- 
"cumstances, by varying the conditions. Changing the 
"glass vessel for one of agate or gold, he found that far 
" less alkali was produced ; excluding impurities by the use 
" of carefully distilled water, he found that the quantities 
" of acid and alkali were still further diminished ; and 
"having thus obtained a clue to the cause, he completed 
" the exclusion of impurities by avoiding contact with his 
" fingers, and by placing the apparatus under an exhausted 
" receiver, no acid or alkali being then detected. It would 
" be difficult to meet with a more elegant case of the detec- 
" tion of a condition previously unsuspected " (Prin, of 5cf ., 
pp. 428-9). 
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154. Method of Qualitative Analysis. Book V. 

Oh.V. 

(i) Statement of Method. — 

We mast now enquire into the logical character of the Number of 
methods by which the investigator succeeds in establishing n^V^^Ju^ 
laws of nature. Such enquiry is concerned with concrete important. 
reality, though not with mere instances. The number of 
instances consulted is logically a matter of indifference, and 
depends on the nature of the phenomena investigated, and 
the greater or less difficulty of excluding from consideration 
all immaterial elements. The logical aim is to reach the pure 
connexion between the conditions and their consequence un- 
impeded by any irrelevant details. This we expressed 
symbolically in the last sub-section. But all symbolic induction 
expression suggests that the matter is a much simpler one) made 
and one that can be made much more mechanical, than is °iecii"iicai« 
really the case. " Mechanical Induction," as Dr. Bosanquet 
says, "is an idle dream*' (op. cit, ii., p. 135). In every 
observation an immense residue of phenomena, which we 
have symbolized by /?, is left out of account, and presumed 
to be indifferent. Now much of this R is, in every case, 
incapable of actual removal ; the aim is then to secure that 
it includes nothing which is not known to be present, and 
whose influence, if it existed, could be determined and 
allowed for. The exclusion of R is, therefore, logically 
justified only so far as R has been analysed. In other words, 
to establish a universal proposition as true it is necessary to 
secure that conditions are fully known. Every such propo- 
sition rests on a connexion which exists in reality, and which 
is suggested by analogy. Now, in our examination of 
analogy, it was seen that the conclusion may be confirmed by 
negative instances, and that as this confirmation advances 
in completeness the inference passes beyond the bounds of 
analogy [see § 149 (iv.)]. It is the completion of this nega- Every unl- 
tive inference which is the characteristic and essential feature b^*iS^it©d * 
in that inductive analysis of phenomena with which we are ^^ ^^f^ 
now concerned. The logical universal must be limited * 
throughout by negations which mark the exact boundaries 
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of the content with which it deals. It is only thus that the 
scope of the application of the universal — If 8 is a it is x — 
can become manifest. This process of assigning limits to the 
universal will bring into view any real or apparent excep- 
tions. Each of these must be carefully considered. If it is 
really an exception, the suggested universal will not hold, at 
any rate in the form in which it was first suggested. But, 
if further examination shows that the exception is only 
apparent, and due to some misinterpretation of the facts, 
then " the exception proves the rule " — or helps to prove it 
— in the only logical sense of the words. The logical uni- 
versal, then, " must be purged by exceptions and finally 
"limited by negations" (Bosanquet, Logic^ vol. ii., p. 117). 
And this limitation must be thorough and systematic, so 
that, throughout, every suggested positive connexion ij^ 8 
is a it is x is both defined and corroborated by the negative 
connexion If 8 is a it is I. 

In investigating any suggested connexion, it is essential 
that only one variation should be introduced at a time. 
Otherwise the resulting change could not be definitely 
assigned to its conditions, as room would be left for doubt as 
to which of these new variations, or which of their possible 
combinations, conditioned it. Similarly, in examining nega- 
tive instances, only the one agent whose influence is suggested 
should be excluded, as otherwise the absence of the result 
cannot be definitely assigned to the removal of the agent in 
question, for the possibility is left that it may be due to the 
withdrawal of the other possible agents which were excluded 
with it. " The great method of experiment,** says Jevons, 
" consists in removing, one at a time, each of those conditions 
" which may be imagined to have an influence on the result ** 
(op, cit.f p. 417). The same principle underlies Mill's * Method 
of Difference' though it is there but imperfectly applied 
(see § 165). 

(ii.) Examples of Method. 

The method of analysis by consideration of exceptions, and 
consequent moulding of the universal rule, and by its limita- 
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tion by negative instances will be best apprehended by a BookV. 
consideration of its application in the establishmeDt of Ch^. 
several scientific truths. 

(a) Origin of Beauty of Flowers. We will first take an Esiabiish- 
instance in which experiment could not be resorted to, and ^atwn of 
which is in a transitional stage between analysis by analogy JJ^^^^f^*^*' 
and the more perfect analysis which experiment makes Jiowerg are 
possible. The hypothesis that flowers " have been rendered %der{o^au 
" conspicuous in contrast with the green leaves, and in conse- *'"'^^' inucts. 
'* quence at the same time beautiful, so that they may be 
** easily observed by insects" was advanced by Darwin in his 
Oingin of Species (p. 161). He thus supports it : "I have 
" come to this conclusion from finding it an invariable rule 
" that when a flower is fertilized by the wind it never has a 
"gaily-coloured corolla. Several plants habitually produce 
" two kinds of flowers ; one kind open and coloured so as to 
" attract insects ; the other closed, not coloured, destitute of 
" nectar, and never visited by insects " (ibid,). To this Dr. 
Wallace adds : " The argument in favour of this view is now 
" much stronger than when he [Darwin] wrote ; for not only 
"have we reason to believe that most of these wind-fertilized 
"flowers are degraded forms of flowers which have once 
" been insect-fertilized, but we have abundant evidence that 
" whenever insect-agency becomes comparatively ineffective, 
" the colours of the flowers become less bright, their size and 
"beauty diminish, till they are reduced to such small, 
" greenish, inconspicuous flowers as those of the rupture-wort 
"... the knot-grass ... or the cleistogamic flowers of the 
" violet. There is good reason to believe, therefore, not only 
" that flowers have been developed in order to attract insects 
"to aid in their fertilisation, but that, having been once 
" produced, in however great profusion, if the insect races 
" were all to become extinct, flowers (in the temperate zones 
" at all events) would soon dwindle away, and that ultimately 
" all floral beauty would vanish from the earth " (Darwinism, 
p. 332). Here we see the attempt to establish the reciprocal 
proposition : * If flowers are insect-fertilized, they are beau- 
tiful' by an appeal to negative instances (flowers not fertilized 
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Book V. by insect agency) as well as to positive instances, and to do 
^ ^^ ' this, moreover, not only generally but in gradation, connect- 
ing the amount of insect fertilization with the degree of 
beauty, i,e. for every particular value of a in the general 
proposition If 8 is A it is X^ trying to establish a definite value 
of jr. From the nature of the case, however, this cannot be 
done perfectly, t.6. with quantitative exactness. 
Estaiiiih- (b) Formation of Vegetable Mould, As a second example, in 
lyoiurva-^ which the analysis is more thorough, and the conclusion more 
aZ' ^"u^ definite as well as more certain, we will take Darwin's inves- 
vegetabie tigatious iuto the formation of vegetable mould through the 
JotL wtion action of earth-worms. Here also the analysis was conducted 
vi^nm' iiearly entirely by simple observation. If vegetable mould 
(1) Positive is due to the action of earth-worms, that is, if earth '^ is 
Instances, ii^jro^giit ^p ^y worms from beneath the surface, and is 
'^ afterwards spread out more or less completely by the rain 
"and wind," then small objects left on the surface will 
gradually become buried. Mr. Darwin records many observa- 
tions to establish this proposition. For instance : " In the 
"spring of 1835, a field, which had long existed as poor 
" pasture, and was so swampy that it trembled slightly when 
" stamped on, was thickly covered with red sand so that the 
" whole surface appeared at first bright red. When holes were 
" dug in this field after an interval of about two and a half 
" years, the sand formed a layer at a depth of f in. beneath the 
** surface. In 1842 {i,e, seven years after the sand had been laid 
'^ on) fresh holes were dug, and now the red sand formed a 
"distinct layer, 2 inches beneath the surface. . . . Imme. 
" diately beneath the layer of red sand, the original substra- 
"tum of black sandy peat extended'* (Darwin, Vegetable 
Mould and Earth WormSy pp. 134-5)^ But may the character 
of the land be disregarded, or is that an essential element ? 
This point was settled by observing that in cases of land 
differing widely from that on which the first observations 
were made, whenever worms were present the result was the 
same. To take an unpromising instance : Darwin records 
that " The chalk formation extends all round my house in 
"Kent; and its surface, from having been exposed during an 
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'* immense period to the dissolving action of rain-water, is Book V. 

"extremely irregular, being abruptly festooned and pene- 0^-^ - 

" trated by many deep well-like cavities. During the dissolu- 

"tion of the chalk, the insoluble matter, including a vast 

" number of unrolled flints of all sizes, has been left on the 

" surface, and forms a bed of stiff red clay, full of flints, and 

"generally from 6 to 14 feet in thickness. Over the red 

" clay, wherever the land has long remained as pasture, there 

"is a layer a few inches in thickness, of dark-coloured 

" vegetable mould" (ibid,, pp. 137-9). In some instances, the 

observations partook of the nature of experiment, as wheu 

chalk was spread on a pasture " for the sake of observing at 

" some future period to what depth it would become buried/* 

and it was found that after twenty-nine years, the chalk was 

7 inches below the surface. Even a steeply sloping field 

" thickly covered with small and large flints," was after thirty 

years so completely covered that " a horse could gallop over 

" the compact turf from one end of the field to the other, 

" and not strike a single stone with his shoes. . . . This was 

" certainly the work of the worms, for though castings were 

" not frequent for several years, yet some were thrown up 

"month after month, and these gradually increased in 

" numbers as the pasture improved " (ibid,, pp. 143-4). 

Moreover, "the specific gravity of the objects does not affect 

" their rate of sinking, as could be seen by porous cinders, 

'' burnt marl, chalk and quartz pebbles, having all sunk to 

" the same depth within the same time " (ibid., p. 157). We 

have, necessarily, only cited a very few of the observations 

made, but the total evidence goes to support a connexion 

between the existence of earth-worms and the formation of 

mould. 

However, there are apparent exceptions — large boulders do g) Szcep- 
not sink. All the hollow spaces between such a boulder and ^ S^ o^7° 
the earth will be filled up, and the surface of the ground will apparent, 
be raised to a height of several inches all round the edge of 
the stone. But further examination shows that the exceptions 
are only apparent, and really prove the rule. "If ... a 
" boulder is of such huge dimensions, that the earth beneath 
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Book V. " is kept dry, such earth will not be inhabited by worms, and 
Ch^. (( ijjjg boulder will not sink into the ground *^ (ibid., p. 149). 
In one case in which a large stone ^'67 inches in length, 
"39 in breadth, and 15 in thickness" . . . had only "sunk 
"about two inches into the ground" in thirty-five years, "on 
"digging a large hole to a depth of 18 inches where the stone 
"had lain, only two worms and a few burrows were seen, 
"although the soil was damp and seemed favourable for 
" worms. There were some large colonies of ants beneath 
" the stone, and possibly since their establishment the worms 
" had decreased in number " {ibid., pp. 152-3). 

(3) Negative Thus, the apparent exceptions turn out upon closer ex- 

amination to be negative instances — where there are no 
worms, there is no sinking of objects. A negative instance 
on a larger scale is recorded. " I examined in Knole Park a 
"dense forest of lofty beech- trees beneath which nothing 
"grew. Here the ground was thickly strewed with large 
" naked stones, and worm-castings were almost wholly absent. 
"Obscure lines and irregularities on the surface indicated 
" that the land had been cultivated some centuries ago. It 
" is probable that a thick wood of young beech-trees sprung 
" up so quickly, that time enough was not allowed for worms 
" to cover up the stones with their castings, before the site 
"became unfitted for their existence" (ibid,, pp. 144-5). 
Both positive and negative instances, then, go to support the 
universal propositions " If there are worms, there is vegetable 
"mould" and "If there is vegetable mould, there are 
" worms." 

(4) Objec- But certain objections must be met as to the inadequacy 

ii^^^acy of tbe suggested agency to produce the results. Investiga- 

of the ^^JQng "^ere, therefore, made as to the number of worms exist- 

agency re- . . ' ' 

futedby ing in a measured space. Hensen, from counting those 

S^ti^^^ found in a piece of garden, calculated the number at 63,767 

tiona, in an acre, though he " believes that worms are here twice as 

"numerous as in cornfields" (ibid., pp. 158-9). But more 

definite results were obtained in estimating the weight of the 

castings. The results of four carefully examined cases give 

that in a year castings calculated to yield from seven and a 
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half to over eighteen tons per acre are ejected (cf. ibid.^ Book V. 

pp. 168-9). By carefully breaking up the dried castings, ^^^ - 

and pressing them down in a measure, the cubical content 

was found, and allowance being made for the lesser degree of 

compactness of the triturated castings as compared with 

mould, it was calculated that the above mentioned results 

would yield a layer of mould from an inch to an inch and a 

half in thickness in ten years. This was found to be rather 

less than the observed depth to which objects had sunk in 

that time. But allowance must be made for *' the loss which 

" the weighed castings had previously undergone through 

" being washed by rain, by the adhesion of particles to the 

" blades of the surrounding grass, and by their crumbling 

" when dry," and also for the lesser agency of burrowing 

larvffi and insects, especially ants, and of moles. **But," 

says Darwin, "in our county these latter several agencies 

" appear to be of quite subordinate importance in comparison 

** with the action of worms" {ibid,, pp. 172-3). 

The analysis of such an instance as the above shows how 
complex and difficult the whole process is, and also exempli- 
fies how even such an investigation, conducted as it was 
practically by observation as distinguished from experiment, 
has to appeal to quantitative considerations, before exact 
results can be definitely established. 

(c) The Seme of Hearing in Ants. In the next case which investigation 
we take for examination, though observation is still the '^Lucan 
prevailing mode of investigation, yet there is experiment of c(mim«m<;a«« 
a simple kind designed to secure a definite limitation of 
conditions. The example is drawn from Sir John Lubbock's 
book on Ants J Bees, and Wasps, The question to be decided 
is whether ants can communicate with each other through 
the sense of hearing, or whether they are deaf and dumb. 
Analogy of structure would suggest that they can hear, for 
they have antennas, and, says Sir John, " I have myself made 
"experiments on grasshoppers, which convinced me that 
" their antennas serve as organs of hearing" (p. 221). But, 
if ants can hear, they can communicate by sound ; and, on 
the contrary, if they are deaf, sounds will not affect them, 
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Book V. and if soands do not affect them, they may be presumed to 
Ch^. \yQ (jeaf . On this latter point Sir John Lnbbock says : " I 

(1) Expert- " have never succeeded in satisfying myself that my ants, 
testwhether " ^668, or wasps heard any of the sounds with which I tried 
uits can «< them. I have over and over again tested them with the 
made by " loudest and shrillest noises I could make, using a penny 

" pipe, a dog- whistle, a violin, as well as the most piercing and 
" startling sounds I could produce with my own voice, but all 
" without effect " (ibid,, pp. 221-2). The ants were tested by a 
variety of noises being made as near them as possible while 
they were passing to and fro between their nests and the larvas ; 
and in no case did they take any notice of those sounds. But 
a condition which was possibly of an interfering nature was 
present, and it was necessary to eliminate it : ** Thinking, 
" however, that they might perhaps be too much absorbed by 
" the idea of the larvs to take any notice of my interruptions, 
'* I took one or two ants at random and put them on a strip 
" of paper, the two ends of which were supported by pins 
" with their bases in water. The ants imprisoned under these 
*^ circumstances wandered slowly backwards and forwards 
" along the paper. As they did so I tested them in the same 
^* manner as before, but was unable to perceive that they took 
'* the slightest notice of any sound which I was able to pro- 
"duce«(i&^(/., pp. 222-3). 

It wonld thus seem to be demonstrated that ants cannot 
hear any sounds such as we hear. But there remains the 
possibility that they may hear others to which we are 
deaf. Can they, then, communicate by sound ? To 

(2) Expert- test this. Sir John tried several experiments : — *' I put out 
Ssfwhether " (Sept., 1874) on the board where one of my nests of 
ants can « LasiuB flavu8 was usually fed, six smaU pillars of wood 
cate by " about an inch and a half high, and on one of them I put 
sound. n gQjjjg honey. A number of ants were wandering about on 

^ the board itself in search of food, and the nest itself was 
" immediately above, and about 12 inches from, the board. 
'^ I then put three ants to the honey, and when each had 
'^ sufficiently fed I imprisoned her and put another ; thus 
'* always keeping three ants at the honey, but not allowing 
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** them to go home. If then they could summon their Book V. 
" friends by sound, there ought soon to be many ants at the ^ ^^ - 
** honey" (ibid,, p. 223). The results were then carefully 
watched and tabulated, and it was found that not more ants 
visited the honey *' than would naturally result from the 
•* numbers running about close by." But when the im- 
prisoned ants were liberated and allowed to go home, there 
was a great change in this respect. In the four hours during 
which the ants who knew of the honey were imprisoned 
only seven others came, but in the three-quarters of an hour 
succeeding their liberation, when they had an opportunity to 
inform their friends of the store, fifty-four came. Similar 
results were obtained every time the experiment was worked. 
*' It seems obvious, therefore," says Sir John, ^^ that in these 
^ cases no communication was transmitted by sound *' (ibid.y 
pp. 224-5). 

To test whether ants produce sounds " an extremely sen- (8) Expert- 
" sitive microphone . . . was attached to the underside of teltwhether 
" one of my nests ; and though we could distinctly hear ^^§'*^^*^® 
« the ants walking about, we could not distinguish any other 
** sound " (ibid.). There is, thus, much evidence tending to 
show that ants are deaf and dumb. But the caution of the 
true scientist is shown by Sir John Lubbock in not accept- 
ing all this negative evidence as conclusive. He, indeed, (fi Reasons 
inclines to the opinion that " ants may produce sounds en- that antT^^ 
" tirely beyond our range of hearing " (ibid,). To this con- ^5,f^"^* 
elusion he is led by considerations of structure, especially of 
the antennsB and of the abdomen. In other words he Will 
not allow that the negative evidence from experience over- 
rides the presumption from the presence of positive condi- 
tions. The evidence is too technical to be here reproduced ; 
but we may quote Sir John's summary of its general bear- 
ing : ** It is indeed true that ants produce no sounds which 
« are audible by us ; still, when we find that certain allied 
'* insects do produce sounds appreciable to us by rubbing the^ 
^abdominal segments one over the other; and when we 
*' find, in some ants, a nearly similar structure, it certainly 
^. seems not unreasonable to conclude that these latter also 

Loa.iL 9 
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BookV. "do produce sounds even though we cannot hear them" 

^hZ' {}bid,^ p. 230). Such an example of investigation as this 

shows us again the difficulties which beset the investigator 

in attempting to establish even a comparatively simple fact, 

and it also makes abundantly plain the important part 

played by inference of a deductive character in such an 

investigation. 

ExptrU ^d) The Laws of the Pendulum. We will now consider 

mina<(Of»o/ some typical investigations in which experiment could be 

thip^^ appealed to throughout, and in which, consequently, the 

duium, determination of the result could be much more exact. As 

a comparatively simple case we will take the establishment 

(1) Estab- of the laws of the pendulum. Galileo, by experimenting 
the depend- on balls Suspended by threads of different lengths, discovered 
o?oscmati™n *^** *^® ^"^^ ^^ osciUatiou depends upon the length, and is 
on length, proportional to its square root. This was demonstrated 

more exactly by Newton. Reverting to the symbolism we 
used in the last section we may say that the Ri of the problem 
might be represented by such a circumstance as the temper- 
ature, which being the same for each pendulum used through- 
out the experiment could not affect the result. The /?j 
might embrace gravity, the resistance of the air, and the 
substance of which the pendulums were made. This R^ 
must be analysed so as to eliminate what is inoperative and 
to leave the Rg which is the sufficient ground (a) for varia- 

(2) Estab- tion in time (x). Newton made two pendulums of equal 
therecipro- spherical wooden boxes suspended by strings of equal 
^^"^^J_*^^ lengths. In the centre of these boxes were placed equal 
pendence. weights of various materials — first wood and gold, and then 

the experiment was repeated with silver, lead, glass, sand, 
common salt, water and wheat substituted for the gold. By 
securing similar shape, and equal size, and weight, the in- 
fluence of the resistance of the air was eliminated, as all 
would suffer equal retardation. Newton found that the 
pendulums thus made oscillated for a length of time with 
equal oscillations, though he considered that a variation of a 
thousandth part would have been apparent. The material 
of which the pendulum was composed was thus showii to 
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be an indifferent element, and it was established that all BookV. 
substances are equally accelerated by gravity. Length, ^'^ ' 
which was already known to be operative in the time of 
oscillation was thus proved to be the only operative condi- 
tion determining the time of oscillation at any one place, 
and the proposition connecting length with time was shown 
to be reciprocal. As the oscillation itself is due to gravity, 
its time would, of course vary with any variation in that 
force. Indeed, it is by means of this variation that differ- 
ences in the force of gravity on the surface of the earth 
are quantitatively established, and that force is found to 
diminish as the equator is approached. 

(e) Source of Power in Voltaic Pile, As another example, invettigo' 
we will take Faraday's experimental piroof of the theory HdtMwetn 
that the source of power in a voltaic pile is due to chemical JJ^j'J^ 
action. At the time he entered upon this investigation (i) chemical 
there were several hypotheses " bat by far the most im- ^)^ntact, 
" portant are the two which respectively find the source of *"^;Jf*/^ 
"power in contact, and in chemical force" {Exp&i^mental Voltaic PUe, 
Researches in Electricity^ vol. il, § 1796). It is impossible 
to enumerate the enormous number of experiments Faraday 
made to settle this question. But the logical ground of 
them all was the same— to establish the hypothetical : 'If 
chemical action, then an electric current,' and its reciprocal 
*If a current, then chemical action,' i.e., *If there is no 
chemical action, there is no current.' This he did by examin- 
ing both positive and negative instances. By numerous 0) Expert, 
experiments he established the positive connexion, and prove posi. 
showed that chemical action is both efficacious in producing a nJction be- 
current, and sufficient by itself, and without any contact, tween 
to do so. For example: "When tin was associated with tkSflmd *°" 
" platinum, gold, or, I may say, any other metal which is current 
"chemically inactive in the solution of the sulphuret [of 
"potassium], a strong electric current was produced," and 
as the chemical action decreased and finally ceased in con- 
sequence of the formation on the tin of an " insoluble, in« 
"vesting, non-conducting sulphuret of that metal," the 
electric current diminished and finally ceased also (ibid., 
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Book V. § 1882, c/. § 2031). Further, " when the chemical action 
^•^ ' " changes, the current changes also. — This is shown by the 
"cases of two pieces of the same active metal in the same 
" fluid. Thus if two pieces of silver be associated in strong 
" muriatic acid, first the one will be positive and then the 
" other ; and the changes in the direction of the current will 
" not be slow as if by a gradual action, but exceedingly sharp 
"and sudden " (ibid,, § 2036). 
ix ^i^**^® The negative experiments establishing the reciprocal pro- 
ments to es- position were also numerous — *' Where no chemical action 
rect^ocad^ " occurs no current is produced. — This in regard to ordinary 
proposition, "solid conductors, is well known to be the case, as with 
" metals and other bodies. It has also been shown to be 
"true when fluid conductors (electrolytes) are used, in 
"every case where they exert no chemical action, though 
" such different substances as acid, alkalies and sulphurets 
"have been employed. . . . But a current will occur the 
"moment chemical action commences. — This proposition 
" may be well established by the following experiment. . . . 
" Two plates of iron and platinum are placed parallel, but 
" separated by a drop of strong nitric acid at each extremity. 
" Whilst in this state no current is produced . . . ; but if 
" a drop of water be added . . . chemical action commences, 
"and a powerful current is produced, though without 
"metallic or other additional contact" (ibid., §§ 2038-9). 
Summary of Faraday thus sums up : " With such a mass of evidence 
experi- " f or the efi&cacy and sufficiency of chemical action . . . ; 
ments. « y^m^ g^ many current circuits without metallic contact and 
" so many non-current circuits with ; what reason can there 
" be for referring the effect in the joint cases where both 
" chemical action and contact occur, to contact, or to any- 
" thing but the chemical force alone ? Such a reference 
" appears to me most unphilosophical : it is dismissing a 
" proved and active cause to receive in its place one which 
" is merely hypothetical " (ibid., § 2053). This last sentence 
well illustrates the kind of hypothesis whose use was con- 
demned by Newton [see § 145 (iv.)]. 
Such a brief sketch gives but a faint idea of the thorough- 
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ness with which Faraday tested the two rival hypotheses, Book V 
or of the wealth of evidence in favour of the theory of ^^7* 
chemical activity which he brought forward ; but it is, 
perhaps, sufficient to illustrate the fundamental point that 
the logical character of the method is throughout an appeal 
to both positive and negative instances. 

(/) Argon, As a final example, we will examine the SitaUHh' 
researches of Lord Bayleigh and Professor Bamsay into exitunu of 
argOD, the newly discovered constituent of the atmosphere -^^^'^ 
as recorded in the Abstract of their paper read before the 
Koyal Society on January 31st, 1895, published in Nature^ 
vol. li., pp. 347-356, from which our quotations are taken. 
This furnishes us with a very complete and beautiful illustra- 
tion of the logical inductive method. The investigation 
started from the detection of an unexplained residual 
phenomenon. Careful determination of density had shown (i) The in- 
that nitrogen obtained from various chemical compounds J-m sug-''" 
is of a uniform density, but that * atmospheric ' nitrogen ^i^uai^ * 
is about J per cent, heavier. Two hypotheses — each of pbeno- 
which placed the explanation in the character of the lighter "*®'*°°* 
' chemical ' nitrogen, and were suggested by analogy drawn 
from experience in the chemical laboratory — were succes- 
sively conceived to account for this phenomenon, and were 
rejected after being tested. " When the discrepancy of (2) Rejection 
** weights was first encountered, attempts were naturally theJte-cou-* 
*'made to explain it by contamination with known jm- **™^**^**°' 
" purities. Of these the most likely appeared to be hydrogen, 
*'*' present in the lighter gas in spite of the passage over red- 
'' hot cupric oxide. But inasmuch as the intentional intro- 
'* duction of hydrogen into the heavier gas, afterwards treated 
** in the same way with cupric oxide, had no effect upon its 
" weighty this explanation had to be abandoned, and finally 
" it became clear that the difference could not be accounted 
" for by the presence of any known impurity. At this stage (8) Rejection 
'< it seemed not improbable that the lightness of the gas hypthcsis 
" extracted from chemical compounds was to be explained y^^^^' 
"by partial dissociation of nitrogen molecules N2 into 
"detached atoms. In order to test this suggestion both 
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BookY. '^kiDds of gas were submitted to the action of the silent 
^^iJ* "electric discharge, with the result that both retained their 
" weights unaltered. This was discouraging, and a further 
"experiment pointed still more markedly in the negative 
"direction. The chemical behaviour of nitrogen is such 
"as to suggest that dissociated atoms would possess a high 
" degree of activity, and that even though they might be 
" formed in the first instance their life would probably be 
"short. On standing they might be expected to disappear, 
"in partial analogy with the known behaviour of ozone. 
" With this idea in view, a sample of chemically prepared 
"nitrogen was stored for eight months. But at the end of 
"-this time the density showed no sign of increase, remaining 
" exactly as at first " (p. 348 b), 
(4)AdOT)ti<m Another hypothesis had, therefore, to be sought on the 
hypothesis established ground that " one or other of the gases must be a 
ofnew^rT- " Doi^cture." But as, "except upon the already discredited 
stituent of *' hypothesis of dissociation, it was difficult to see how the gas 
a mosp ere, „ ^^ chemical origin could be a mixture . . , the simplest ex- 
" planation in many respects was to admit the existence of a 
" second iogredient in air from which oxygen, moisture, and 
"carbonic anhydride had already been removed" (p. 349 a). 
(5) Excep. This hypothesis, however, is immediately met by an objec- 
to be on^" ^ion which partially takes the form of a logical exception. " In 
and^Sf* t " accepting this explanation, even provisionally, we had to 
support the <*face the improbability that a gas surrounding us on all 
ypo esis. t^gj^^g^ ^j^^ present in enormous quantities, could have^ 
"remained so long unsuspected" (ibid.). The answer to 
this objection was only fully found at a much later period of 
the investigation, when it was shown to be only an apparent 
objection, as the inert character of the newly discovered gas 
sufficiently accounts for its having so long escaped observa- 
tion. It was necessary, however, to examine at once " the 
" evidence in favour of the prevalent doctrine that the inert 
" residue from air after withdrawal of oxygen, water, and 
" carbonic anhydride, is all of one kind," as such evidence 
was logically an exception to the new hypothesis, and, there- 
fore, if sustained, must prove fatal to it. This evidence 
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rested upon the experiments of Cavendish, *' whose method Book Y. 
'* consisted in operating with electric sparks upon a short ^^•^ ' 
'* column of gas confined with potash over mercury at the 
** upper end of an inverted U tuhe '' (ibid.). But it appears that 
these very experiments are evidence in favour of, instead of 
in opposition to, the hypothesis of an additional constituent 
in the atmosphere, for Cavendish records that "a small 
*' bubble of air remained unabsorbed '* at the end of his ex- 
periments. The exception is, therefore, only apparent, and 
when exactly stated, helps ' to prove the rule.' 

The ground being thus cleared, experiments were instituted (<0 Positive 
to establish the new hypothesis. These were, of course, both to^ove^" 
positive and negative, the former being directed to establish ^-g^^hf ^^ 
the existence of a new constituent in * atmospheric ' nitrogen, *atmo-^ 
and the latter to prove that this constituent is absent from Strogen. 
^chemical' nitrogen. The positive experiments, in other 
words, were directed to establishing the proposition * If the 
excess of density of * atmospheric' over 'chemical' nitrogen 
is due to the presence in the former of another gas besides 
nitrogen, then this other gas will remain after the nitrogen 
is withdrawn,' and the negative experiments to showing that 
this residue cannot be nitrogen, as it is not found when 
* chemical ' nitrogen is the gas operated upon. 

The first mode of positive experiment was sparking air to 
which oxygen was gradually added in the presence of an 
alkali — i.e. the method of Cavendish mentioned above. In 
every case there was a small residue, and " that this small 
^^ residue could not be nitrogen was argued from the fact 
** that it had withstood the prolonged action of the spark, 
'^ although mixed with oxygen in nearly the most favourable 
"proportion" (p. 349 b). 

The next step illustrates the function of number of Function of 
instances in experiment, viz. to ensure that extraneous SJiunces!. 
elements have not crept in, i.e, that only known conditions 
are present. It is thus described : " Although it seemed 
*< almost impossible that these residues could be either 
"nitrogen or hydrogen, some anxiety was not unnatural, 
" seeing that the final sparking took place under somewhat 
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Book V. " abnormal conditions. The space was very restricted, and 
Oh^. i<the temperature (and with it the proportion of aqneons 
" vapoor) was nndaly high. But any doabts that were felt 
" npon this score were removed by comparison experiments 
** in which the whole quantity of gas operated on was very 
" smalL • . . Several repetitions having given similar results, 
'*it became clear that the final residue did not depend npon 
'* anything that might happen when sparks passed through a 
*' greatly reduced volume, but was in proportion to the amowU 
" of air operated upon " (pp. 349 fr— 350 o). 

The second mode of positive experiment was to pass 
^ atmospheric ' nitrogen over red-hot magnesium. A residue 
was left, and ** on passing sparks for several hours through 
'* a mixture of a small quantity of this gas with oxygen, its 
'* volume was still further reduced. Assuming that this 
*^ reduction was due to the further elimination of nitrogen, 
** the density of the remaining gas was calculated to be 20*0" 
(p. 350 a). 

The third mode of positive experiment was by atmolysis, 
or the transmission of ^atmospheric' nitrogen through a 
porous substance in order to determine whether it is a 
mixture of gases of different densities. When such a mixture 
is thus treated the lighter gas passes through the porous 
substance first. When air had, therefore, undergone atmo- 
lysis, and the oxygen, ammonia, moisture and carbonic anhy- 
dride been removed from that portion which had not passed 
through the porous substance, the remaining 'atmospheric' 
nitrogen should — on the hypothesis adopted for investigation 
— ^be of a greater density than ordinary * atmospheric' 
nitrogen, as it should contain a larger proportion of the 
denser gas, and this was found to be the case in each of 
three such experiments. The positive experiments, there- 
fore, appear to yield overwhelming evidence that 'atmo- 
(7) Negative sp^^ric' nitrogen is a mixture of * chemical* nitrogen and a 
experiments aas of greater density, hitherto unknown, and to which the 

to prove ab> j. • .• a 

sence of discoverers give the name Argon. 

^Semi^'^ A series of negative experiments was then entered upon, 

nitrogen, in which each of the first two series of positive experiments 
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was performed upon 'chemical' instead of 'atmospheric' BookV. 
nitrogen. In each case a very small residne of argon was ^^^' 
fonnd, from one-ninth to one-fortieth of the amount that 
would have remained had 'atmospheric' nitrogen been used. 
Even this small residue could be accounted for. In the Apparent 
cases in which it was largest there had been leakage and air accounted 
had entered, and in the others " the source of the residual ^^^* 
" argon is to be sought in the water used for the manipula- 
"tionof the large quantities of gas . . . employed.^' This 
is supported by analogy : " When carbonic acid was collected 
" in a similar manner, and subsequently absorbed by potash, 
^ it was found to have acquired a contamination consistent 
•♦with this explanation " (p. 350 6). 

The negative experiments thus corroborate the positive 
ones, and the existence of argon is proved ; thus the hypo- 
thesis is established and the first induction is completed. 

The next object was to examine the nature of argon, and invesOga- 
such an examination yielded many confirmations of the nS!turT^ 
results already obtained, by showing that argon differs ^^9on, 
radically from nitrogen. 

The first problem was to determine its density. This was getermfaia- 
first reached by deductive reasoning ''on the assumption that eity. 
*'the accurately known densities of atmospheric and of 
"chemical nitrogen differ on account of the presence of 
" argon in the former, and that during the treatment with 
"oxygen nothing is oxidized except nitrogen" (p. 351 b). 
This assumption was known to be justified because experi- 
ment had proved that the density of 'chemical' nitrogen 
obtained from magnesium nitride, which had been prepared 
by passing ' atmospheric ' nitrogen over ignited magnesium 
was of the usual density of chemical nitrogen. " It is there- 
"fore seen that 'chemical' nitrogen, derived from 'atmo- 
" spheric ' nitrogen, without any exposure to red-hot copper, 
" possesses the usual density " (p. 348). The density thus 
obtained was 20*6. Here again we have the suggestion of a 
hypothesis by the quantitative computation of a residual 
phenomenon. This hypothesis was then to be tested experi- 
mentally. This could not be done by direct weighing, as it 
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Book V. was not found possible to collect by the oxygen method 
Ch^. enough of the gas to fill the large globe employed for other 
gases. So a mixtnre of aboat 400 c.c. of argon with pnre 
oxygen was weighed, and the density of argon calculated from 
the result, and found to be 19*7. The argon derived from 
the second series of positive experiments was found to have 
a density of 19'9. As the density of argon is thus proved to 
be different from that of nitrogen, this determination 
supports the conclusion already reached that argon is a 
distinct constituent of atmospheric nitrogen. 
Examina- A careful examination of the spectrum of argon by 
s^^a, ^^' ^* Crookes disclosed the fact that argon " gives two 
** distinct spectra according to the strength of the induction 
" current employed." Nitrogen does the same, " but while 
" the two spectra of nitrogen are different in character, one 
" showed fluted bands and the other sharp lines, the argon 
" spectra both consist of sharp lines " (p. 354 a). Additional 
confirmation of the existence of argon was thus furnished. 
But further, Mr. Crookes says : " I have found no other 
'^ spectrum-giving gas or vapour yield spectra at all like those 
"of argon" (p. 354 a), and this is a proof that argon is a gas 
and suggos- previously unknown. But the fact that it yields two spectra 

tionof doubt *^ . / ., , .,..,. . „ . ^ • 

as to suggested the hypothesis that argon is really a mixture of 

At^du Ib a *^^ gases. This is an instance of how the solution of one 
Bimpie gas problem opens up others by bringing to light new phenomena 
ture. requiring explanation. Other considerations bearing on this 

point will be noticed later on. 
Determina- The Solubility of argon in water was next determined, 
biutyin and was found to be approximately that of oxygen and 
^^*®^' about two and a half times that of nitrogen. This conclu- 

sion was proved by testing the deductive inference that, if 
so, argon would be found in increased proportion in the dis- 
solved gases of rain water ; the test experiment showed that 
the argon in * water ' nitrogen is in the ratio of 24 : 11 to 
that in 'atmospheric* nitrogen, 
mente^on Experiments were conducted by Professor Olszewski on 
oDd 8<5idS *^® liquefaction and solidification of argon. " Four series 
caUon. " of experiments in aU were carried out, two with the object 
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"of determining the critical temperature and pressure of BookV. 

" argon, as well as measuring its vapour pressure at several ^^^ » 

" other low temperatures, while two other series served to 

*^ determine its hoiling and freezing points under atmospheric 

"pressure, as well as its density at its boiling point" 

(p. 355 a). It was found that the critical temperature is 

- 121***0 (that of nitrogen being — 146°*0), its critical pressure 

50*6 atmospheres (that of nitrogen being 35*0), its boiling 

point -187**-0 (that of nitrogen being -194**-4), and its 

freezing point - 189*** 6, at which temperature it solidifies 

into white crystals (that of nitrogen being -214^*0). 

It further appears from experiments made on the velocity Axgon 
of sound in argon " that argon gives practically the ratio of Sonatomic 
"specific heats, viz., 1*66, proper to a gas in which all the J^e^t"^ 
" energy is translational. The only other gas which has been compound. 
" found to behave similarly is mercury gas, at a high tem- 
" perature " (p. 352 b), " In the case of mercury the absence 
" of interatomic energy is regarded as a proof of the mon- 
" atomic character of the vapour, and the conclusion holds 
"equally good for argon. . . . Now a monatomic gas can 
" only be an element, or a mixture of elements ; and hence 
" it follows that argon is not of a compound nature " (p. 353). 

But whether it is an element or a mixture of elements is ?^?S*\"® 
still doubtful. " There is evidence both for and against the whether 
" hypothesis that argon is a mixture : for, owing to Mr. Sfmrfe^as 
" Crookes' observations of the dual character of its spectrum ; or a Jiiix- 
" against, because of Prof. Olszewski's statement that it has 
"a definite melting point, a definite boiling point, and a 
" definite critical temperature and pressure ; and because on 
"compressing the gas in presence of its liquid, pressure 
" remains sensibly constant until all gas has condensed to 
" liquid. The latter experiments are the well-known criteria 
"of a pure substance ; the former is not known with cer- 
"tainty to be characteristic of a mixture. . . . For the 
" present, however, the balance of evidence seems to point 
" to simplicity » (p. 353 h). 

If argon is an element its atomic weight is 40, for its The atoinio 
molecule is identical with its atom, and the molecular weight a^on. ^ 
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Book V. of a gas is doable its density, which in the case of argon ia 
^^•^ - approximately 20. 
Argon is ex- Many attempts were made to induce argon to combine 
io^rt! ^ with other snbstances, bat they all proved abortive. Since 
the pablication of the paper we are quoting from, however, 
M. Berthelot claims to have established that nnder the 
inflnence of electricity argon enters into chemical action 
with benzene vapour. If this is the case, it is the first 
chemical action in which argon has been observed to take 
part, and the gas is, therefore, of an extremely inert character. 
Its Inertness Finally, the determination of the nature of argon as 
its late dis- far as it has gone answers the objection to the hypo- 
cov«y. thesis of the existence of argon drawn from previous 
non-observation. ''It need excite no astonishment that 
'* argon is so indifferent to reagents. For mercury, although 
'^ a monatomic element, forms compounds which are by no 
" means stable at a high temperature in the gaseous state ; 
"and attempts to produce compounds of argon may be 
" likened to attempts to cause combination between mercury 
" gas at 800** and other elements " (p. 353 b), " Its inertness, 
'^ which has suggested its name, sufi&ciently explains why it 
*' has not previously been discovered as a constituent of com- 
'* pound bodies" (p. 354 a). Since the publication of the 
paper, however. Professor Bamsay and Mr. Crookes have 
found that a gas obtained from a mineral called deveite 
is a mixture of argon and helium, a most interesting dis- 
covery, as helium was hitherto only known as abundant in 
the surroundings of the sun. On the other hand, it has 
been ascertained that there is no argon in mice or peas — 
these being chosen as representatives of the animal and 
vegetable kingdoms respectively. 
The above Even Buch an imperfect outline as the above makes 
tions iUiu- abundantly manifest that induction is by no means an easy 
SedocWno P^^^^s, or one that can be reduced to mechanical rules ; 
of indue- that the procedure starts from, and is guided throughout by 
hypotheses ; that number of experiments is appealed to only 
as a guarantee that only known conditions a^e operative ; 
that the procedure of perceptual analysis is to establish a 



Digitized 



by Google 



ANALYSIS OP THE GIVEN. , 141 

podtive connexion, to purge this of exceptions and to limit Book V. 
and corroborate it by negative instances ; and that one in- ^•^ ' 
ductive enquiry gives rise to others. In brief, this discovery 
of first-rate scientific importance illustrates in every point 
the doctrine of induction set forth in this and the preceding 
chapters. 

^155. Mill's 'Experimental' or 'Inductive ' Methods. 

Although we regard the preceding exposition as a complete As Mill's 
statement of the logical principles which guide all qualitative have ob- 
analysis of the given, and of the general character of the ^^«raa cur- 
method adopted, yet a discussion of this subject in an rency they 
English treatise on Logic would probably be considered in- eomeexami- 
complete if it did not embrace a consideration of the " Four i^*^®^- 
"Methods of Experimental Enquiry" or "Methods of 
" Direct Induction," as they are indifferently called, to which 
Mill's Logic has given currency and authority. To this, then, 
we will now briefly address ourselves. 

(i.) Statement of the Methods. 

The exposition of these "methods" occupies a foremost Mill regards 
place in Mill's system, and follows his discussion of the pre- methods as 
liminary doctrines of the uniformity of nature and causation. JJ^^^ 
The methods themselves are based upon the popular idea of general laws 
causation, as an invariable sequence between phenomena, with r^m- ^ 
which Mill sets out. " Cause" is at first regarded as a phy- JJ^^ ^" 
sical thing, though it is afterwards confined to some particular phenomena. 
property of a thing. The inductive problem takes the form 
of BO analysing the conrse of observed events that it becomes 
possible to gather from an examination of them universal pro- 
positions about their succession. Throughout runs the funda- 
mental assumption of empiricism, that all inference is based 
upon perceptible resemblance [c/. § § 138 (i.)^; 145 (v.)], and that, 
consequently, all instances of the same causal sequence will 
have points of resemblance both in the antecedent and in twomaiu* 
the consequent phenomena. Hence, there are two " obvious ^^^ "* 
" modes of singling out from among the circumstances which Agreement 
" precede or f oUow a phenomenon, those with which it is Sice,^^*^' 
1 First Edition, § 155 (i). 
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"really coDneoted by an invariable law. . . • One iB, by 
'* comparing together different instances in which the 
*^ phenomenon occurs. The other is, by comparing instances 
"in which the phenomenon does occur, with instances in 
"other respects similar in which it does not. These two 
" methods may be respectively denominated, the Method of 
" Agreement, and the Method of Difference " (Mill, Logic, IIL, 
viii., § 1). The other two methods given by Mill as in- 
dependent — those of "Kesidnes" and of "Concomitant 
"Variations'* — are really but particular cases of these. 
Mill gives, moreover, a fifth method, though he does not 
recognize it as independent, but as merely a double applica- 
tion of the method of agreement, which he styles the " Joint 
" Method of Agreement and Difference " or the " Indirect 
" Method of Difference," 

All these methods are gathered from HerschePs Pre- 
liminary Discourse on the Study of Natural Philosophy " in 
" which alone," says Mill, " of all books which I have met 
" with, the four methods of induction are distinctly recog- 
" nized, though not so clearly characterized and defined, nor 
" their correlation so fully shown, as has appeared to me desir- 
**able" (Logic, III., ix., § 3). Mill, therefore, to repair this 
imperfection, formulated the four [or five] methods with con- 
siderable show of precision in the following five " Canons of 
" Induction " (ibid,, viii.), and, denoting " antecedents by the 
" large letters of the alphabet, and the consequents corre- 
"sponding to them by the small" (ibid., § 1), also gave 
symbolic formulae to express the chief methods : — 



(1) Agree- 
ment; 



First Canon (Method of Agreement). 

"If two or more instances of the phenomenon under 
" investigation have only one circumstance in common, 
"the circumstance in which alone all the instances 
" agree, is the cause (or effect) of the given pheno- 
" menon." 

Symbolic formula : ABC — abc; ADE — ade .; A — a is causal 
sequence. 
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Second Canon (Method of Difference). Book V. 

Ch. V 

* If an instance in which the phenomenon under invest!- -*- ' 
" gation occurs, and an instance in which it does not enc?-^^^ 
" occur, have every circumstance in common save one, 
'^ that one occurring only in the former ; the circnm- 
'^ stance in which alone the two instances differ, is the 
" effect, or the cause, or an indispensahle part of the 
" cause, of the phenomenon." 

Symbolic formula: ABC — abo ; BC—bc .*. A— a is causal 
sequence. 

Third Canon (Joint Method). 

** If two or more instances in which the phenomenon (3) Joint 
" occurs have only one circumstance in common, while andl^er- 
"two or more instances in which it does not occur ^^^* 
^* have nothing in common save the absence of that 
"circumstance ; the circumstance in which alone the 
**two sets of instances differ, is the effect, or the 
" cause, or an indispensable part of the cause, of the 
" phenomenon." 

Symbolic formula. Mill gives no formula for this method, 
and several have been suggested which more or less 
fail to fulfil the conditions of the canon. Bearing in 
mind that, as Dr. Fowler puts it {Ind. Log,, p. 160), 
" the positive and negative instances must be in pari 
" materia,^ the formula might, on the lines of those 
already given, be thus expressed : 

ABC— abo, ADE^ade; BDM—bdm, CEO— ceo .•, ^— a is a 
causal sequence. 

Fourth Canon (Method of Residues). 
*' Subduct from any phenomenon such part as is known (^) Resi- 

"by previous inductions to be the effect of certain "°^' 

" antecedents, and the residue of the phenomenon is 

" the effect of the remaining antecedents.*' 
Symbolic formula : If A — a, B — b are known to be causal 

sequences, then, given ABC — abo, it can be inferred 

that — is also a causal sequence. 
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Book V. Fifth Canon (Method of Ooncomitant Variations). 

Ch. V. 

— " Whatever phenomenon varies in any manner whenever 

xxatva^ ' " another phenomenon varies in some particular 

**°'"' " manner, is either a cause or an effect of that pheno- 

" menon, or is connected with it through some fact of 

" cansation.*' 

The 83rmbolic formula would appear to be AiBC — aibo; 

A^BC — a^bc; A^jBC — aJ)OS /. A — a is a causal sequence. 

MiU'a Ex^ As examples of the Method of Agreement^ Mill gives : - 
(1) of Agree- ** Let the antecedents be the contact of an alkaline substance 
mont; "and an oil This combination being tried under several 
** varieties of circumstances, resembling each other in nothing 
'^ else, the results agree in the production of a greasy and 
'^ detersive or saponaceous substance : it is therefore con- 
'* eluded that the combination of an oil and an alkali causes 
" the production of soap. It is thus we enquire, by the 
*^ Method of Agreement, into the effect of a given cause. In 
'* a similar manner we may enquire into the cause of a given 
" effect. . . . For example, let the effect a be crystaUization. 
'^ We compare instances in which bodies are known to assume 
'* crystalline structure, but which have no other point of agree- 
*^ ment ; and we find them to have one, and as far as we can 
** observe, only one, antecedent in common : the deposition 
'' of a solid matter from a liquid state, either a state of 
''fusion or of solution. We conclude, therefore, that the 
''solidification of a substance from a liquid state is an 
" invariable antecedent of its crystallization '' (ihid,, § 1). 
(2)of Diff«r. Of the Method of Difference Mill says : "It is scarcely 
" necessary to give examples of a logical process to which we 
'^ owe almost all the inductive conclusions we draw in early 
" life. When a man is shot through the heart, it is by this 
"method that we know that it was the gun-shot which 
" killed him : for he was in the fulness of life immediately 
" before, all circumstances being the same, except the wound" 
{iUd., § 2). 
(8) of Joint As an example of the Joint Method of Agreeing and 
' Difference^ Mill takes one of the steps in Dr. Wells' investi- 
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gation into the formation of dew : " It appears that the Book V. 

"instances in which much dew is deposited, which are very ^^•^ ' 

" various, agree in this, and, so far as we are able to observe, 

** in this only, that they either radiate heat rapidly or conduct 

" it slowly : qualities between which there is no other cir- 

" cumstance of agreement, than that by virtue of either, the 

" body tends to lose heat from the surface more rapidly than 

*' it can be restored from within. The instances, on the con- 

" trary, in which no dew, or but a small quantity of it, is 

" formed, and which are also extremely various, agree (so far 

" as we can observe) in nothing except in not having this 

" same property. We seem, therefore, to have detected the 

" characteristic difference between the substances on which 

" dew is produced, and those on which it is not produced. 

" And thus have been realized the requisitions of what we 

"have termed the Indirect Method of Difference, or the 

" Joint Method of Agreement and Difference " (III., ix., § 3). 

In illustration of the Method of Residues Mill quotes from (4) of Resi- 
Herschel several instances from various sciences. For * 
example : " Many of the new elements of chemistry have 
" been detected in the investigation of residual phenomena. 
" Thus Arf wedson discovered lithia by perceiving an excess 
" of weight in the sulphate produced from a small portion of 
" what he considered as magnesia present in a mineral he 
"had analysed" (quoted from Nat, Phil., § 161). "* Almost 
"all the greatest discoveries in Astronomy,' says the same 
" author, * have resulted from the consideration of residual 
" phenomena of a quantitative or numerical kind. ... It 
" was thus that the grand discovery of the precession of the 
"equinoxes resulted as a residual phenomenon, from the 
" imperfect explanation of the return of the seasons by the 
" return of the sun to the same apparent place among the 
" fixed stars'" {Outlines of Astronomy, § 856, quoted by Mill, 
III., ix., § 6). 

Amongst examples of the Method of Concomitant Variations (5) of Con- 
Mill takes the doctrine of inertia : "The simple oscillation of y^iationa. 
" a weight suspended from a fixed point, and moved a little 
" out of the perpendicular, which in ordinary circumstances 

LOG. II, 10 
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Book V. " lasts but a few minutes, was prolonged in Borda's experi- 
^^•^ ' " ments to more than thirty hours, by diminishing as much 
" as possible the friction at the point of suspension, and by 
" making the body oscillate in a space exhausted as nearly as 
'* possible of its air. There could therefore be no hesitation 
^* in assigning the whole of the retardation of motion to the 
*^ influence of the obstacles ; and since, after subducting this 
" retardation from the total phenomenon, the remainder was 
** an uniform velocity, the result was the proposition known 
**as the first law of motion" (III., viii., § 7). 

Mill discusses other and more complex examples, in which 
he finds several of the methods exemplified, but the above 
are sufficient to show the kind of investigation of nature he 
contemplated. 

(ii.) Examination of the Hetliods. 

HUi clainiB For these methods Mill makes very high claims. They 

meUi^ are " the only possible modes of experimental enquiry — of 

m Th nl " ^^''®®* induction d posteriori, as distinguished from deduc- 

meansof ex- " tiou" (III., viii., § 7). " In saying that no discoveries were 

g^"!*^ " ever made by the Four Methods, he [Whewell] affirms 

" that none were ever made by observation and experiment ; 

" for assuredly if any were, it was by processes reducible 

" to one or other of those methods " (III., ix., § 6). But 

(2) Methods this is not all. *^ Induction is proof ; it is inferring some- 

" thing unobserved from something observed : it requires, 

*' therefore, an appropriate test of proof ; and to provide 

"that test, is the special purpose of inductive logic'' 

(III., ii., § 6). " The business of Inductive Logic is to pro- 

*^ vide rules and models (such as the Syllogism and its rules 

"are for ratiocination), to which if inductive arguments 

"conform, those arguments are conclusive, and not other- 

" wise. This is what the Four Methods profess to be " 

(iir.,ix.,§6). 

These claims are by no means universally granted by 
logicians. As Mr. Bradley says : " The balance of authority 
" among modern logicians is, I think, against the claims of 
" the inductive proofs, and is not on their side " (Prin, </ 
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Log.^ p. 331). Indeed, as will appear in the sequel, Mill Book V« 
himself does not consistently maintain these high claims, .1.* 
and abundantly shows that the canons both demand the 
unattainable^andfail to give conclusive proofs of fchobe general 
propositions which he held it to be the business of induction 
to discover and prove {cf. III., i., § 2). 

In considering the methods, and their claims to be indue- Mill's sym- 
tive proofs, it is well at the outset to draw attention to the mi^f^dhig. 
unfortunate character of Mill's symbolism. The use of A, a ; 
Bj b; Cj ; &c., suggests that the causal connexions sought 
are already obtained ; and this suggestion is strengthened by 
Mill's speaking of a,^, o as " the consequents corresponding 
" to " the antecedents A, B, 0, This would be an open 
begging of the question. Mill probably does not mean 
this, but intends his symbols as mere empty forms. They 
are, however, undoubtedly confusing; if the correspond- 
ence between large and small letters means nothing, it 
should not be employed ; whilst if it has meaning, it begs 
the whole question. 

It must next be noticed that the methods bear a strong All the 
family likeness to each other. They are all based on the based ou the 
same principle. Both Agreement and Difference, Mill tells ^j^J^H® °^ 
us, *' are methods of elimination. . . . The Method of Agree- 
^ ment stands on the ground that whatever can be eliminated, 
" is not connected with the phenomenon by any law. The 
*' Method of Difference has for its foundation, that what- 
*' ever cannot be eliminated, is connected with the pheno- 
" meuon by a law " (III., viii., § 3). The Joint Method is 
"a double employment of the Method of Agreement'' 
{ihid,, § 4). " The Method of Residues is ... a peculiar 
" modification of the Method of Difference ^ (ibid., § 5). 
The Method of Concomitant Variations is '* but a modifica- 
" tion either of the Method of Agreement or of the Method 
«of Difference" (III., xxii., §4). The methods might,, 
indeed, all be expressed by the formula AB — xy, AC — xz^ 
which avoids the objection just urged to Mill's symbolio 
statements. Here, as B can be removed without affecting x^ 
it is assumed that B and x are not causally connected ; whilst 
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PooK v. as the removal of B is attended by the removal of /, it is 

^'^ ' assumed that B— j' is a causal sequence. This represents 

the mode of proceeding by each method. Each, by removing 

parts of a complex whole, seeks to establish a relation between 

the remaining parts, llius the methods are at bottom, as 

Mr. Bradley points out, " all of them Methods of Residues 

"or Methods of Difference" (op. ct«., p. 337). 

The We must now examine the claims of the methods to be 

not***^du^ called " inductive." By induction Mill continually tells us 

fecMeofS? he means inference from particulars. It is needless to 

ferencefrom multiply quotations : two or three will suffice as examples. 

particulars, u ^jj processes of thought in which the ultimate premises 

"are particulars . . . are . . . Induction" (11., iii., § 7). 

"Induction ... is that operation of the mind, by which 

" we infer that what we know to be true in a particular case 

"or cases, will be true in all cases which resemble the former 

"in certain assignable respects" (III., ii., § 1). " The experi* 

" mental method . . . makes its experiments directly upon the 

for they all «* complex oase" (III., X., § 8). But, if we examine the canons 

univer^ of the methods we find they do not even profess to start 

from particular complex facts. They demand that the 

"instances" "have only one circumstance in common," 

** have every circumstance in common save one," " have 

" nothing in common save the absence of that circumstance." 

Yery little consideration is needed to show that the complex 

t particular facts of experience can never fulfil such conditions 

as these. Such facts never agree, still less do they differ, in 

one point only. The canons assume that many circumstances 

are first dismissed from consideration as " already known to 

"be immaterial to the result" (III., viii., § 3). That is, they 

assume that the complex particulars of experience have 

already been analysed, and that limited groups of antecedents 

and consequents, known to be causally connected, have been 

separated out for the purpose of the " inductive " enquiry, 

whose task is only to obtain simpler causal connexions by 

eliminating some of the elements still left. Thus, as Mr. 

Laurie says in an able critical article on the methods in JUind 

(New Series, vol. ii.) : ** The position from which we are thus 
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" invited to set out is very far from the beginning of experi- Book V. 
" mental enquiry ; the clear-cut instances supposed are possible ^_1. * 
"only in an advanced stage of scientific research" (p. 324). 
Whewell is, indeed, quite justified when he says: "Upon 
" these methods, the obvious thing to remark is, that they 
" take for granted the very thing which is most difficult to 
" discover, the reduction of the phenomena to formulae such 
"as are here presented to us" {Phil, of Discovery^ p. 263). 
Put in other words, the methods can only start with universal 
judgments ; for it is just that analysis and elimination which 
the methods presuppose which constitute the universal. As 
Mr. Bradley says in his searching criticism of the methods : 
" The moment you have reduced your particular fact to a 
"perfectly definite set of elements, existing in relations 
" which are accurately known, there you have left the fact 
"behind you. You have already a judgment universal in 
" the same sense in which the result of your * induction' is 
" universal " {op, cit, p. 335). The demand for a universal 
to start from is, indeed, made explicitly by the "Fifth Canon 
which speaks of one phenomenon varying toA^n^^r another 
varies, thus postulating that a universal connexion between 
the two should be established before the method can be 
brought to bear upon it. Hence, the methods which are held 
out to us " as the only possible modes of experimental en- 
" quiry— of direct induction d posteriori" (Mill, III., viii., § 7) 
— are seen to presuppose the very work which they them- 
selves are set forth as alone capable of accomplishing. Mill MiU's ex- 
does, indeed, give two instances in which he applies the ^tart^g^ 
methods to the actual raw niaterial of experience. " If it pa^c^j^^s 
" had been my object," he says, " to justify the processes do not fulfil 
" themselves as means of investigation, there would have meJteoTSa 
" been no need to look far off, or make use of recondite or cw^o"*- 
" complicated instances. As a specimen of a truth ascertained 
"by the Method of Agreement, I might have chosen the 
" proposition * Dogs bark.' This dog, and that dog, and the 
"other dog, answer to ABC, ADE^ AFQ, The circumstance 
" of being a dog answers to A, Barking answers to a. As a 
"truth made known by the Method of Difference, *Fire 
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Book V. *' burns' might have sufficed. Before I touch the fire I am 
Ch^ « jjQ^ burned ; this is BC ; I touch it and am burnt ; this is 
''ABCy aBC' (III., ix., § 6). On this we cannot do better 
than quote Mr. Bradley's brief but sufficient criticism : 
" The Canons we think are not hard to content if this will 
*' satisfy them. But surely their author had forgotten them 
" for the moment. By seeing three barking dogs I perceive 
"that they *have only one circumstance in common^ By 
" standing in front of a burning fireplace, and then touching 
" the fire and being burnt, I am to know that the two facts 
"*Aar6 every circumstance in common but onej Is not this 
*' ])repo8terou8 ? Surely it is clear in the first case that Mr. 
*' Mill'd way of arguing might prove just as well that all dogs 
*' have the mange, and in the second that every fireplace 
" blisters. And these conclusions hardly seem to be sound." 
And in a note he points out : " As a test of the writer's 
" accuracy in small points, we may notice that in the second 
** example there is a mistake in the working of the Method. 
" The right conclusion is * Touching burns ' ; for the fire is 
"not the differential condition. It was there before I 
" touched it, and.if it was not there, then we have two differ- 
" ences and another kind of mistake" (op. ctV., p. 336). It is 
seen, then, that the methods are not 'inductive,' in Mill's sense 
of the term, for they do not start from particular facts, but 
from propositions as universal as those they profess to prove. 
Moreover, as Mr. Bradley says: " The Methods of induction 
* are placed in this dilemma. Because they presuppose uni- 
" versal truths, therefore they are not the only way of 
** proving them. But if they are the only way of proving 
"them, then every universal truth is unproved" (pp. cit., 
pp. 336-7). 
The reason- In the next place, if we examine the kind of reasoning 
hyihe^^^ which the methods involve, we find that it is deductive 
n^thodala throughout. This is apparent at the first glanca in the 
Method of Residues, and is acknowledged by Mill : "Of 
" the two instances . . . which the Method of Difference 
" requires, — the one positive, the other negative, — the nega- 
** tive one, or that in which the given phenomenon is absent, 
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" is not the direct resnlt of observation and experiment, but Book V. 
"has been arrived at by deduction" (III., viii., § 6). But, ^^'^ ' 
in so far as inference is involved in the use of any one of the 
methods, it is deductive in its essence. As was said above 
all the methods can be fairiy represented by the formula 
AB—xy; AC — xz. The argument then runs — 

Any antecedent is invariably followed by the same con- 
sequent, 

A is followed in this case by x and / (1st example), 
.*. A is invariably followed by x or /. 

Taking this as the next major premise we have — 

A is invariably followed by x or y, 

But A is not invariably followed by y (2nd example), 

.\ A is invariably followed by x; 

Le.y X is the efEect of A, 

By similar arguments it can be established from the 
premises that A is the cause of x, and that B—y, C — z are 
also reciprocal causal connexions. The type of argument 
is seen to be deductive throughout, and to be valid if the 
truth and sufficiency of the premises are granted, and if 
A, B, C, and A> y, z, symbolize elements which are independent and thecon- 
of each other. But in no case is the inference " inductive " not more 
in the sense of drawing a conclusion more general than the ^n the 

premises. premises. 

If the methods do not agree with MilFs conception of ^^j^^^ 
induction, it remains to enquire into their validity as proofs, aim at es- 
" To ascertain . . . what are the laws of causation which laws of ^ 
" exist in nature ; to determine the effect of every cause, cassation, 
"and the causes of all effects, — is the main business of 
" Induction ; and to point out how this is done is the chief 
" object of Inductive Logic" says Mill (III., vi., § 3). The 
object of the methods, therefore, is to establish laws of 
causation. But " The Law of Causation ... is but the 
" familiar truth, that invariability of succession is found by 
" observation to obtain between every fact in nature and 
"some other fact which has preceded if (III., v., § 2). 
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Book V. 

Ch.V. 

yet they as- 
sume causa- 
tion. 



MiU himself 
says the 
methods are 
based on 
false as- 
sumptions, 



and grants 
that Agree- 
ment can 
never yield 
proof. 



Tet, wben we look at the canons, we find that they can 
only work if the causal connexion of the antecedents as a 
whole and the consequents as a whole is presupposed ; for it 
is obvious that " invariability of sequence " cannot be estab- 
lished by an examination of *' tioo or more instances." Indeed, 
Mill himself supplies us with abundant evidence that the 
methods can never prove any general law. 

After fully explaining and illustrating the methods 
(TIL, viii., ix.), he calmly tells us that the whole discussion 
has proceeded upon false suppositions. " We have regarded 
^^ a b c d Bj the aggregate of the phenomena existing at any 
" moment, as consisting of dissimilar facts a, b, c, d, and e, 
" for each of which one, and only one, cause needs be sought. 
". . . But the supposition does not hold, in either of its 
*^ parts. In the first place, it is not true that the same 
"phenomenon is always produced by the same cause. , . . 
"And, secondly, the effects of difEerent causes are often 
"not dissimilar, but homogeneous, and marked out by no 
"assignable boundaries from one another" (III., x., § 1). 
Grave doubt is thus thrown on the methods as a whole, 
yet the high claims previously advanced for thfem are not 
withdrawn. But Mill does not simply undermine their 
authority generally ; he practically destroys that of each 
one separately. 

The Method of Agreement stands as one of these methods 
of " proof " — and sets out with claiming to establish both 
the effect of a given cause, and the cause of a given effect 
But immediately after, we are told that the conclusion by this 
method "remains subject to very considerable doubt. . . . 
" This uncertainty arises from the impossibility of assuring 
'' ourselves that A is the only immediate antecedent common 
" to both the instances " (III., viii., § 1). In other words it 
is impossible to fulfil the requirements of the canon. But 
further, plurality of causes is " a characteristic imperfection 
" of the Method of Agreement " (III., x., § 2), which is 
essentially a method of observation as distinguished from 
experiment. Now, plurality of causes is, as has been shown 
see § 143 (ii.) (c)] a false doctrine, if * cause ' and < effect ' ar^ 
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interpreted strictly, and the phenomena fully analysed. But Book V. 
in the rough sense in which Mill is using the word * cause/ the ^^- ' 
possibility of such plurality must be granted ; as Mill says, 
"many causes may produce death." But once grant the 
plurality of causes and the method ceases to furnish any valid 
proof. This Mill insists on over and over again. For example, 
he says : " If there are but two instances, ABC and ADE^ though 
" these instances have no antecedent in common except A, yet, 
" as the effect may possibly have been produced in the two 
" cases by different causes, the result is at most only a slight 
" probability in favour of A " (III., x., § 2). Hence, the First 
Canon is shown by its author to be false as the statement of 
a method of proof. But Mill goes even further in the work 
of destruction. He tells us to multiply and vary our 
instances "all agreeing in no other antecedent except A ''—a 
requirement which he has already told us it is impossible to 
fulfil — as the only means of increasing the probability of our 
conclusion. But even then the method fails us ; " by that 
method alone we never can arrive at causes " (III., xvi., § 5). 
Thus, Agreement is shown to be a " method of proof " which 
proves nothing. Indeed, to look for perceptible resemblance 
amongst the various antecedents of such events as Mill 
designates as causes is futile. As Sigwart says : " Mill's own 
"example of crystallization shows the inadequacy of the 
" methods, for if we ask what is common to the states from 
" which crystalline bodies issue, we find that there is ulti- 
" mately nothing but corporeality in general, since crystalline 
"structure is formed from gaseous, fluid and amorphous 
" solid states of the most various substances ; the method 
" of agreement would show as the invariable antecedent of 
"this phenomenon only some material substance, and for 
"this there was no need of a complicated method. The 
" result would be similar if we conducted our enquiry as to 
" the cause of death of a living being ; the instances in which 
" a living being dies have no antecedent in common — ^at any 
" rate for the one way of investigating antecedents — except 
" life, and life would appear at the end of the elimination as 
^*the cause of death" {Lo^ic^ Bug. Tr., vol.ii, p. 341). 
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Book V. The Method of Difference is, however, regarded by Mill 
^ ^^ * as the most valuable of all the iadnctive methods ; though, 
Mm regards were they really methods of 'proofs there would, of course, 
as the most be DO superiority in one of them over the others, and though, 
i^Sod"* as we have seen, they are all based on the same principle. 
It is essentially the method of experiment, and it is claimed 
that by its agency both cause and effect can be established, 
and as alone Indeed, it is " by the Method of Difference alone that we 
proving ° " Can ever, in the way of direct experience, arrive with cer- 
causation. « dainty at causes " (III., viii., § 3). Yet, in the very example 
which Mill selects of a man shot through the heart, it is 
evident that there is no inference to cause. There is 
nothing to justify the assertion that if a man dies, he 
has been shot through the heart. The method treated 
fairly, will not even, by itself, justify the universal propo- 
sition that if a man is shot through the heart, he dies. Of 
course, in such a case, we do not argue * inductively * at all, 
but deductively from our knowledge of physiology and of 
firearms. To really test the method, therefore, we must 
put ourselves in the position of one who has no such know- 
ledge, and who has never seen firearms or wounds inflicted 
by them. A person in such a position would not be 
justified in drawing a universal conclusion. The shot has 
caused death in ihi% case ; but is it due to the fact that it 
passed through the heart, or to some individual peculiarity 
of the man ; and if the former would death always attend 
such a wound ? The method gives no means of answering 
MiUboth these questions. Mill, indeed, acknowledges this. Even 
affirms that whilst affirming that plurality of causes does not affect the 
cl'S^s*^ "^ Method of Difference, he says : " For if we have two 
affects the " instances, ABQ and BC^ of which BQ gives bo, and k being 
D^erence. '^ added converts it into abo, it is certain that in this instance 
^' at least, k was either the cause of a or an indispensable 
'^ portion of its cause, even though the cause which produces 
*^ it in other instances may be altogether different " (III., x., 
§ 2). But this is to acknowledge that plurality of causes 
does affect the method, and that, consequently, it can never 
prove a general proposition. 
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Moreover, it cannot be granted tbat there is any rigidly Book V. 
accurate proof even in the individual case. The method— ch-^ - 
like all the others — assumes an independence of elements The 
which Mill himself tells us is fictitious. What really hap- au assume 
pens when into BC a new element A is introduced is that fn^^JSa- 
A is some modification of By and not an independent element, ence of ele- 
Thus, let B represent the course of a ship and C the rate of °^®" * 
its movement. If then we have as a new element, A, a 
movement of the helm, this leads to an alteration of B, If 
as a consequence of this change the vessel runs on a rock, a, 
this is not the effect of Ay but of BC as modified by a change 
causally connected with A, Or, again we may have BC — bo 
of such a character that B simply negatives the action of C ; 
the introduction of A may then neutralize B and so allow 
the effect of (? to be apparent. The new result a may, 
then, be the effect of (?, and not that of A at all. For 
example let B be the closed tube of a barometer, C the 
pressure of the atmosphere, and b the height of mercury in 
B. If, now A represents the breaking off the top of B, then 
the introduction of this new antecedent leads to a, the fall 
of the mercury in B, But a is due to C which had hitherto 
been neutralized, so far as b was concerned, by B, 

Closely connected with this error of regarding elements and neg- 
of reality as independent, is that of neglecting the presence sibiuty o?^ 
of counteracting causes. Mill tells us later that " All laws counteract- 
" of causation are liable to be . . . counteracted, and seem- agencicB. 
" ingly frustrated, by coming into conflict with other laws, 
" the separate result of which is opposite to theirs, or more 
" or less inconsistent with it. And hence, with almost every 
" law, many instances in which it really is entirely fulfilled, 
*' do not, at first sight, appear to be cases of its operation at 
"all" (III., X., § 6). But this admission vitiates Difference 
as well as all the other methods. For if we have ABO — abo, 
BC—bc, how can we be certain that because a is not apparent 
in the latter case, it is really absent ? 

But if the Method of Difference is thus invalid as a The Canon 
criterion of proof, the subordinate methods cannot be ex- fuiSi^ * 
pected to be in better plight. Mill tells us plainly that it 
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Book V. is never possible to fulfil the condition of agreement in the 
• presence and absence respectively of a single circumstance 
M ^*^**^* which the canon of the Joint Method demands (III., viii., § 5), 
and thus himself condemns it And, like Agreement and 
Difference, and for the same reasons, it cannot prove a 
general proposition, 
or in that of So again with the Method of Residues. We ** can never be 
^^ " quite certain " that " C is the only antecedent to which the 
^ residual phenomenon o can be referred " (Mill, IIL, viii, § 5), 
and this canon, therefore, is likewise acknowledged to be 
incapable of application as a method of proof. And again, 
even if this difficulty did not exist, no general conclusion 
could legitimately be drawn unless A, B, were incapable 
of influencing each other, 
or in that of The same thing holds with the Method of Concomitant 
temtVaria- Variations. Except on the unwarranted assumption of 
tiona. the absolute independence of the elements involved, the 

conclusion is only valid in the very case or cases which are 
examined. And if the method is applied to unanalysed facts, 
then no conclusion at all as to causation can legitimately 
be drawn; for it is always possible that the concomitant 
variations are simply casual coincidences. 
Summary. Our examination of the Methods has, then, led us to the 
conclusions, first, that they are not inductive, in Mill's sense, 
for they can only start from universals, and their mode 
of inference is deductive throughout ; secondly, that not 
only are they not "the sole methods of proof," as Mill 
claims they are, but that in no case can they furnish a valid 
proof at all. 
The The fact that the methods do not satisfy the high claims 

sug^ceS' made for them does not, however, prove that they are worth- 
hypotheses ; less. It is true that they are not * inductive,' in the em- 
piricist sense, in which Mill uses the word, of enabling the 
enquirer to gather and prove universal laws by a simple 
comparison of particular facts ; but they are inductive in 
the sense that they are based upon principles which are 
operative in inductive enquiry, though in every case they 
need more exact formulation. Mill himself gives the key 
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to their main function when he says the methods supply the Book V. 
first generalizations upon which such a conception of indue- ^^^ ' 
tion as that of Whewell can work (IIL, ix., § 6). In other 
words, the methods suggest hypotheses. This is apparent 
with the Method of Agreement, which is really nothing 
more than an uncertain argument from an enumeratiye 
induction in which an attempt is made to weigh the instances 
as well as to numher them, an attempt which really ends in 
an argument from analogy (see § 149). The "Method of 
*' Besidues " we have already spoken of as a frequent origin 
of hypotheses, and all the examples which Mill quotes from 
Herschel show that this is its function. That it was so 
regarded hy Herschel is evident from his speaking of the 
method as making apparent " a residual phenomenon to be 
" exsplained " (Nat PhxL, § 158). The other methods also may 
suggest hypotheses, and Concomitant Variations generally 
does so. 
They are besides more or less imperfect expressions of the ^ ^f ®f ^ 

X .1-1 J. .. -1 .<. . 1 .1 1 principle, 

true methods of testing and verifying hypotheses by per- applicable 

ceptual analysis. The Joint Method rests on the true tion^^^r- 

principle of recognizing the value of negative instances, ceptual 
1.1 Jin I'll 1 . 1. analysia. 

but, as a method applicable to observation only, it can 

never give absolute proof, though it can yield a very high 
degree of probability, so long as it is applied to circum- 
stances in which the conditions are known with consider- 
able fulness. The Method of Difference is based upon 
the principle which governs all experiment — that of 
varying one circumstance at a time ; but it does not 
sufficiently recognize the force of the negative instance. 
Mill sometimes spoke as if two separate instances were 
necessary, in one of which A was present and in the other 
absent. In this case it is, of course, impossible to secure 
that the instances are alike in all but A, But in some of 
his examples the A is introduced into the BO and the two 
instances are two successive states of the same thing. This Mr. Laurie's 
we have seen to be the essence of experiment. An amended fo^iSatioii 
Canon of the Method, which is free from the objections SJ ^^® ^ m 
urged against Mill's statement, is given by Mr. Laune : " If, Difference. 
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BookV. "into circumstances found to be incapable of producing a 
Ch^. "certain event, a new phenomenon or set of phenomena 
"be introduced, and the event in question occur, the new 
" phenomena or set of phenomena is the cause, or part of 
"the cause, of the event. If the removal of any given 
"antecedent makes no difference in the occurrence of the 
"event, that antecedent is irrelevant, while antecedents 
" which cannot be eliminated without eliminating the event 
" are causal. And the Universal JLaw of Causation compels 
" the inference that, if these conditions be repeated, the effect 
" will also occur " (Mind, N.S., vol. ii., pp. 326-7). Here 
" antecedent " and " consequent " have no necessary reference 
to time sequence ; they are equivalent to " determining '* 
and " determined.^' But Mr. Laurie goes on to point out 
that : " To establish a strictly invariable connexion between 
"a consequent and definite antecedents, the Method of 
* Difference must be supplemented. . . . Such an extension 
" of the Method of Difference . . . may be expressed in the 
" following Canon : When, by the Method of Difference, 
" we have established a causal law connecting certain con- 
" ditions with the production of a phenomenon, and when, 
" further, we have failed to discover any case in which the 
" phenomenon occurs without those conditions, there is a 
" probability, increasing with the extent and variety of our 
" negative instances, that the phenomenon can be produced 
" in no other way " (ibid., pp. 332-3). In other words, the 
force of negative instances must be recognized in the attempt 
to establish not only the proposition If S is a it is x, but also 
If S is not a it is not x, the latter being equivalent to the 
reciprocal of the former. In so far as the Method of Con- 
comitant Variations is a modification of that of Difference, 
thus amended and supplemented, i,e, in so far as it is a mode 
of quantitative experiment, it also becomes a method of 
proof. 
The only true function of the methods is, indeed, given by 
JJ^\h?®" Mill himself, when, in speaking of cases in which there is an 
tf"^ ^f ?h " interference of causes with one another," he says : " The 
methods. " instrument of Deduction alone is adequate to unravel the 
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I* complexities proceeding from this source; and the fonr Book V. 
^methods have little more in their power than to supply ^^• 
** premises for, and a verification of, our deductions" 
(III., X., § 3). As Mill also tells us that " all laws of causa- 
" tion are liable to be in this manner counteracted, and seem- 
"ingly frustrated" (ibid,, § 5), it is evident that he himself 
attaches very different values to the methods in different 
parts of his work ; as we have said before, he is constantly 
vacillating between two views. This latter statement of the 
function of the methods may be accepted," though, as we 
have seen, even as modes of verification they need more 
exact and accurate formulation. 
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QUANTITATIVE DETEKMI NATION. 

Book v. 156. Measurement. 

Ch. VI. 

LawT^ We considered in the last chapter how the existence of a 

Nature can necessary relation between phenomena can be established, 
stated with ^°* *^ perceptible facts are measurable, and, consequently, 
e^^taJ a relation between them is stated with perfect definiteness 
in quantita- and exactness only when it is expressed in quantitative form, 
tive form. ^^ ^^g^ ^^^^ ^^^jy j,q ^^^^ ^^ ^^^ generally that If Sis A it is X, 

but that for every definite value ai of A, there is a corre- 
sponding definite value of Xi of X. Thus, as Mach says, *' The 
"laws of nature are equations between the measurable 
"elements of phenomena" (Sc, of Mechanics, p. 502). No 
doubt the attainment of precise mathematical statement of 
law is only possible in the most advanced branches of science. 
Every branch of knowledge is at first merely qualitative, or 
at best very roughly quantitative. The ancient Chaldean 
astronomers, for example, were satisfied to record an eclipse to 
the nearest hour, whilst now the time is fixed to a very small 
Science ad- fraction of a second. As the power of exact measurement is 
the power of increased, science advances ; and thus the invention of a new 
m^ure- *^^ more exact instrument of measurement has, as Jevons 
toent remarks, " usually marked, if it has not made, an epoch " in 

the branch of science to which it is applicable. This depend* 
ence of the advance of science on progress in the power of 
measurement is forcibly illustrated by De Morgan. " Had 
"it not been/' he remarks, "for the simple contrivance of 
" the balance, which we are well assured (how, it matters not 
" here), enables us to poise equal weights against one another, 
"that is, to detect equality and inequality, and thence to 
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"ascertain how many times the greater contains the less, we Book V. 

" might not to this day have had much clearer ideas on the ^^-^^ 

"subject of weight, as a magnitude, than we have on those 

*' of talent, prudence, or self-denial, looked at in the same 

"light" (^Formal LogiCy p. 175). Indeed, as scientific thought 

is exact thought, physical science cannot strictly be said to 

exist except in a quantitative form. As Herschel tells us : 

" Numerical precision ... is the very soul of science ; and 

*'it8 attainment affords the only criterion, or at least the 

" best, of the truth of theories, and the correctness of ex- 

" periments. . . , Indeed, it is a character of all the higher 

** laws of nature to assume the form of precise quantitative 

*' statement" (Disc, on Nat, Phil, §§ 115-6). 

The laws of nature are, however, expressions of the rela- Every law is 
tions between phenomena. Now, every concrete fact is hypo- 
complex ; that is to say, it is due to the co-operation of several *^e*i<»li 
conditions, it is the embodiment of a plurality of relations 
[cf, § 146 (i.)]. Its whole nature, therefore, can never be 
expressed by one law, for each law is the statement of only 
one of these relations. Hence, each law is highly abstract, 
and is hypothetical in essence, even when expressed in a 
categorical form, as it states not what does happen, but what 
would and must happen under certain defined conditions. 
But it is frequently impossible to secure these conditions 
pure, i,e, unmixed with other and interfering conditions. 
For the relations which meet in a concrete fact are not inde- 
pendent, and they frequently modify and wholly or partially 
counteract each other. Thus, it happens, that many quanti- and is liable 
tative laws — as, e,g. the law of inertia — are never exactly partial ^^ 
realized in fact. Hence, it appears evident that mere observa- ^unterac- 
tion of facts will never enable us to see in them those laws 
which are only imperfectly fulfilled, and that the procedure 
is here, as it has been throughout, by hypothesis. Such 
quantitative relations are conceived as will, in their mutual 
action, explain the concrete phenomena we observe. 

This becomes more evident, however, when we remember Facts are 
that facts are known to us only as they are observed by us, « obswred 
and that aU observation is determined not only by the fact 

LOG, II, U 
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Book V. but by the observer [cf. § 153 (i.)]. And all observation, 

^^^^- whether made with or without instruments, rests at bottom 

and all ob- upon the accurate interpretation of sense impressions; for 

iSe to" instruments and other artificial means of improving observa- 

error. ||qjj ^^^ ^^ nothing but bring the observed object, by 

breaking it up, magnifying it, and so on, within that range 

of moderate quantities which can be gauged by our senses. 

But how erroneous our interpretation of sense impressions 

may be is obvious to anyone who considers, for instance, 

how much larger the moon appears to us when it is just 

above the horizon than when it is in the zenith, or again 

how the shape or size of the same object appears to vary 

with its distance from, and relative position to, the observer. 

It is true we never attempt to estimate absolute, but only 

relative, magnitude ; in other words, all measurement is 

comparison with a standard unit. What character of unit 

should be employed for the measurement of any kind of 

quantity is a matter of the greatest practical importance, 

but it is one which concerns the particular branches of 

-^^"J^^surc- knowledge, not general logical theory. The recognition of 

tive to the this comparative character of measurement, however, makes 

Bense« to*^^ clear that its accuracy is relative to our power to distinguish 

distingidsh differences by our senses. And this power is limited, even 

Qlll 61*611.06 S 

in magni- with the most delicate instruments. " Few measurements of 

tude, u g^jjy kind," says Jevons, " are exact to more than six signifi- 

" cant figures, but it is seldom that such accuracy can be 

«* hoped for " (Pr. of Sc, p. 303). When, then, it is said that 

two magnitudes are equal, all that is meant is that our most 

exact instruments fail to make apparent any difference 

between them ; but it does not follow that with more 

delicate instruments some difference would not appear. 

and is never But further, the actual correctness of measurements even 

curatof ^ within this limit of possible accuracy cannot be depended on. 

This is evident from the fact that two careful measurements 

of the same magnitude never exactly agree, and, therefore, 

one or both are erroneous. Indeed, "we may," as Jevons 

says, " look upon the existence of error in all measurements 

"as the normal state of things" (op, cit.^ p. 357). Now 
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" error " means a discrepancy between the magnitude given Book V. 

by actual measurement, and that estimated as the application Ch^i. 

of the law to this particular case. It might seem, at first 

sight, that the law was, therefore, shown to need modification 

and restatement. But this is not necessarily the case. If, 

as the experiment is repeated more and more carefully, the 

results approximate more and more to the law, then the law 

is confirmed : exact coincidence must never be expected. 

For instance, a student " learns that two pints of steam at a 

"temperature of 150° Centigrade will always make two pints 

** of hydrogen and one pint of oxygen at the same tempera- 

" ture, all of them being pressed as much as the atmosphere 

*'is pressed. If he makes the experiment and gets rather 

*• more or less than a pint of oxygen, is the law disproved ? 

*' No ; the steam was impure, or there was some mistake. 

" Myriads of analyses attest the law of combining volumes ; 

*' the more carefully they are made, the more nearly they 

" coincide with it." Or again, " The place of a planet at a 

" given time is calculated by the law of gravitation ; if it is 

*' half a second wrong, the fault is in the instrument, the 

" observer, the clock, or the law ; now, the more observations 

" are made, the more of this fault is brought home to the 

"instrument, the observer, and the clock" (Clifford, Lectures 

and Essays, pp. 91-2). It thus follows, that our laws are Laws arc 

more exact than our observations and experiments can ever thAnexperi- 

be, and that, consequently, they cannot be derived from ^e^^i"^^ 

mere comparison of the results of these observations, but are sequentiy 

hypotheses which are more or less exactly verified by those Sromthem. 

experiments. Indeed, even were our measurements exact, 

yet they are only of isolated quantities, whilst the law gives 

I he general formula of relation which claims to be applicable 

to all other degrees of magnitude of the same phenomenon. 

The law is thus seen to be a result of the synthesizing 

activity of mind, an activity which leads us to think of all 

nature as governed by universal and definite laws. 

As, then, every measurement is more or less inaccurate, 
the question next arises as to whether, and how far, such 
error can be explained. In some cases it can ; allowance 
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Book V. may be made for the influence of modifying conditions when 
Oh^l. they are known to exist ; e.g. for friction in any experiment 
Some errors dealing with the law of inertia ; for temperature in experi- 
lowed for as ments with the pendulum, or in measuring with metal rods. 
*h^^^"^^^' ^^ other cases, there is a known and constant source of error 
and amount in the instrument by means of which the observation is 
are nown, made— e.^r. a clock may be known to be a second too fast or 
too slow. Again, there is with all observers a "personal 
equation " which is practically constant, as it is always in 
the same direction and of the same average amount ; that is, 
one observer will always note the time of an observation a 
little earlier than another. Thus, " the difference between 
"the judgment of observers at the Greenwich Observatory 
" usually varies from jj^y to } of a second, and remains pretty 
" constant for the same observers " (Jevons, op. ciL, pp. 347-8). 
The average amount of this personal error may then be 
calculated and allowed for. 
but this Is But there are other errors which cannot be explained. 
with other They are due to causes which are unknown, or whose in- 
errors, ftuence is so inconsistent that it cannot be calculated. They 

may result from the operation of some law not known to the 
observer, or to the imperfection of man's powers of observa- 
tion and of his instruments. On this we will quote an 
excellent passage from De Morgan's Essay on Probability, 
He says : " To note a measurable phenomenon without 
"any error at all, would require sight and touch by 
" which every magnitude, however small, could be perceived 
" and correctly estimated. Such senses belong to no one, and 
" the degree of approach towards perfection not only varies 
" with the observer, but is different at different times with 
" the same observer. Many errors to which instruments are 
"subject ought in strictness to be classed under the first 
"head; if, for instance, an astronomical circle gradually 
" change its form, or undergo daily expansion and contrac- 
" tion by variations of temperature, the diversity of results 
" which such a piece of brass will show are certainly subject 
" to laws, and might be predicted, if we possessed sufficient 
" knowledge of the constitution of the metal, and the laws 
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" which regulate the effect of pressure, temperature, moisture, Book V. 
" etc., upon it. But so long as such laws are unknown, and the ^^- ^^- 
" variations do not follow any distingnishable rule, their effect 
" upon general results differs in nothing perceptible from that 
"of the observer's own errors, with which they are mixed up 
" in the particular results of observation" (pp. 130-1). When, 
therefore, allowance has been made for all known sources of 
error, there yet remain discrepancies whose causes, character, 
and magnitude are unknown. To eliminate these we must — *°d **i® 
as in all cases where the conditions of a phenomenon are of these 
unknown [c/. § 146 (i.)]— have recourse to the theory of Jh^el^r^^'of ^® 
probability for guidance. The logical nature of this theory probabmty. 
must, then, next engage our attention. 

157. Probability, 
(i.) Basis of the Theory. 

When, in any particular case, we do not know what con- Chancels 
ditions are operative, we cannot tell, on the one hand, what tiye. 
result will appear, nor, on the other, can we say positively 
what conditions have produced a certain given event. In 
such cases we are accustomed to speak of the occurrence as 
due to chance. But our whole conception of the unity of 
nature forbids the idea that any element of reality can be 
really casual. Every detail is, in the strictest sense, neces- 
sary, and determined absolutely by conditions — all is causal, 
nothing is casual. Were our knowledge complete, then, the 
idea of chance would disappear ; it is due solely to the 
imperfection of that knowledge. This imperfection is, of 
course, greater in some cases than in others ; it may affect 
the event as a whole, or it may only affect some particular 
aspect of it. But, even with imperfect knowledge, we are 
often called upon to come to a decision or to act. The 
question then arises as to what we ought rationally to expect. 

The estimation of such rational expectation is the province ProbabUUy 
of the Theory of Probability. Probability is, thus, seen to measure of 
be subjective in the sense that, when we say that the proba- '^^^i^jjn*' 
bility that an event will happen in a certain way is 1/n, what 
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Book V. we mean is that the relative amount of knowledge and 

Ch^i. ignorance we possess as to the conditions of the event, 

justify that amount of expectation. The event itself will 

happen in some one definite way, exactly determined by 

causation ; the probability does not determine that, but only 

^ndpresiip. our subjective expectation of it. Indeed, without the 
poses oDjec- . 

tive neces- assumption of the necessity of the actual event, there would 

"*y* be no basis for the calculation of probability. The very 

foundation of the theory is that possibilities can be limited 

to a definite finite number. We know, in other words, that 

the general relation If 8 is A it is X holds ; but we do not 

know what particular form — Xi or x^or , . . x„ — X will take 

because we do not know in what exact form — fli or a^ or 

. . . fln — the general condition A will be realized, though we 

are bound to assume that every definite form fln necessitates 

one perfectly definite form Xn* 

The logical It is from this combination of knowledge and ignorance 

eolations of that the calculation of probability starts. Its logical basis is 

is^a^dSu^- ^^^^ ^®®^ *^ ^® *^® disjunctive judgment. But certain con- 

tivejudg- ditions must be fulfilled by the alternative specifications 

Sternative^ which form Its predicate. They must first, as has been 

predicates already said, be exhaustive of the whole range of possibility. 

1. exhaus- Secondly, they must be definite, and therefore, in agree- 

2!^definite- D^^^t with the principle of identity. Thirdly, they must 

3. exciu- be mutually exclusive. As we saw in our discussion of the 

4. equal in disjunctive proposition, the form of the proposition does not 
value. guarantee this exclusiveness though the nature of the 

alternatives often does {see § 79^). But where there is any 
doubt on the matter, the disjunction may always be so 
written as to make all the alternatives formalhj exclusive — 
thus 5 is either mh or mn or mn expresses, with formally ex- 
clusive predicates, the disjunctive proposition 8 is either m or n. 
Lastly, the alternatives must be of equal value, i.e., if they 
are given — as they always may be — as alternative conse- 
quents in a hypothetical proposition, those consequents must 
be equally likely. If the disjunctive proposition is given in 
categorical form, this condition postulates that the alterna- 
tive predicates shall be either equal and co-ordinate specifica- 
^ First Edition, § 89. 
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tions of the common genus, or shall refer to equal extents of Book V. 
denotation. Thus, if an urn contains one black and six Chjri. 
white balls, the disjunction that a ball drawn will be either 
white or black is doubtless correct ; but it is not a basis for 
the calculation of probability, for black and white are not 
specifications of equal value of the genus ball. Or, stating 
the proposition in hypothetical form — If a ball is drawn, it 
is either white or black — the consequents are not equally 
likely, owing to the preponderance in number of the white 
balls. And generally, this condition of equivalence can 
never be fulfilled when one of the alternatives simply nega- 
tives the other, owing to the indefinite range of reference of 
the negative term [see § 29 (i.)^]. Indeed, such a disjunction 
would not fulfil the second condition given above, which 
requires that each alternative shall be definite. 

But it is necessary to enquire into the justification for Tbeassump- 
regarding the alternatives as equally likely. This justifica- alternative^ 
tion must be found in our ignorance as to what precise con- ^^^ly^^^ 
ditions will be operative. For example, if a penny is tossed, justified by 
it will fall with either head or tail uppermost. Now, which tS*2xaot ° 
will be uppermost in any particular throw will be exactly ^hichdeter- 
determined by such conditions as the position of the coin mine the 
at starting, how it is grasped in the fingers, the force and ®^®^^ 
direction of the twist, etc. But what special form these 
conditions will take we are totally ignorant. We know that 
if 8 (the coin) is tossed (>i), it will fall with one side upper- 
most {X); but as we do not know the form a„ which A will t ike, 

^we do not know whether X will appear as Xi (heads up) or x^ 
(tails up). There is, thus, in every such calculation a basis 
of knowledge. We know the coin will lie on one of its sides 
and not on its edge ; but we have no reason to expect one 
side rather than the other to be uppermost, that is, we have 
no reason to believe the chances to be unequal. But further, 
we also know that in a long series of throws the sides which 
come upwards will succeed each other very irregularly, and and the as- 
yet with an approximation to equality in frequency. We ip^roxi-^ ^ 

^ have thus, in addition, objective and positive reason to believe J^^J l^' 
that the chances for head and tail are at any rate approxi- perience, 
1 First Edition, § 35 (i.). 
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Book V. mately equal. Experience thus tends to verify the hypothesis 
^^ of equal probability to which we are led on the subjective 

ground that we know no reason to expect one result rather 
than the other. For when this is the case, we expect that these 
unknown conditions will in the long run make as often for one 
result as for the other, and, therefore, that the possible results 
will be realized with equal frequency. Of course this can 
never be exactly verified, as that would involve the examina- 
tion of an infinite series of occurrences, which is impossible. 
To stop in a series of observations — e.g, of the throws of a 
penny — when the possible events have all happened an equal 
number of times, would obviously be to beg the question ; 
for a continuance of the series would, in all likelihood, show 
a divergence from equality. But as, in a long series, the 
approximation to equality is always fairly close, experience 
may be said to give as full confirmation of the theory as 
tiiough ac- the case permits. The calculation of probability is, never- 
enceisnot theless, not dependent upon the actual experience of any 
itelorma-*^ series. It is possible, not only when we have grounds for 
tion, believing the chances to be equal, but when we have no 

reason for assuming them to be unequal. In fact, our whole 
data is knowledge of the number of equivalent possible 
cases, and the absolute absence of any ground for preferring 
one rather than the others. We may calculate the probability 
just as well when only one of the possible cases can be 
actually realized — e,g. one throw of a penny — as when we 
are dealing with a series in which all the alternatives will be 
actually realized an approximately equal number of times. 
Calculfltion jt ig gaid sometimes that the idea of equally likely altema- 
biiityisnot tives is based upon equality of belief in their occurrence. 
biMdonbe- rpy^ jg ^ make the question too entirely and individually 
7 subjective. The belief of any individual is influenced by 
many conditions, some of which are generally more or less 
irrational, and independent of any valid justification. Thus, 
belief in the possible occurrence of any event would vary 
with different individuals. But the probability does not vary 
with it. It is not, therefore, actual belief, but what ought to 
be believed, that is defined by probability. And what ought 
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to be believed is but another name for rational expectation, Book V. 
that is, expectation based upon the proportion of avail- ^^^^' 
able knowledge to ignorance. Probability is, therefore, a 
measure of knowledge, and so defines what ought to be 
believed, instead of being based upon what actually is 
believed. 

From what has been said, it is evident that the amount of ^« ^^®® 
probability is not affected by considerations of time, wiity is not 
Whether the calculation refers to an event in the past or ^^^i^e.^* 
in the future, op to the truth of a universal proposition, is 
immaterial ; it is in every case based on the same piinciples. 
No doubt most illustrations of the doctrine are drawn from 
games of chance, as such games exemplify the conditions in the 
simplest way, and these have generally a reference to future 
expectation. But our knowledge and ignorance may be com- 
bined with reference to a past event in the same way as to 
one in the future, and we must calculate the probability of the 
reality of that event on the same principles. Thus, the theory 
of probability is applicable to the credibility of testimony, as 
well as to the prediction of a future occurrence. No doubt, 
when an event has occurred, we can frequently get more 
exact knowledge of it, and then, of course, the need for the 
calculation of its probability is, to that extent, removed ; 
but so long as we do not know exactly what has happened, but 
only that one out of a certain number of alternatives has 
occurred, the appeal to probability remains. The distinction 
so frequently drawn between probability before and after the 
event is due partly to the neglect of this consideration and 
partly to failure to make the alternatives equal in value. 
Thus, for example, it is extremely improbable that a hand at 
whist should consist entirely of trumps. Yet the proba- 
bility of this is no less than that of any other one definite 
hand. It is its interesting character which draws special 
attention to it, and causes us to recognize how enormous are 
the odds against it. This we do not recognize in the case of 
other hands. If, then, a person told us he had held a hand 
of thirteen trumps the previous evening, we should probably 
feel more hesitation in believing him than if he told us. he 
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Book V. had held a band consisting of certain definitely named cards. 
^' ^^' Yet the antecedent improbability would be no greater in the 
one case than in the other. Were the person, however, to 
claim that he had, previously to playing, written down the 
contents of a certain hand, and that he had been actually 
dealt that hand, we should probably hesitate to receive his 
statement just as much as if he told us he had been dealt 
thirteen trumps ; for the previous defining of the hand 
would have made the odds against it as apparent as in the 
other case. When we hesitate to believe the statement of 
such coincidences it is because we feel that the odds against 
the occurrence were antecedently very great, and we balance 
that with the odds in favour of the credibility of the witness. 
If we do not doubt his credibility we receive the statement 
in spite of its antecedent improbability, for to assume that 
the extremely improbable is impossible is to fall into a 
dangerous fallacy. The way in which we use our terms 
in discussing such a case shows that probability and im- 
probability are not opposed terms in the theory of proba- 
bility ; improbability only means a very low degree of 
probability. It is, however, very vague in its reference ; so, 
in all calculations, the probability only is spoken of, and this 
may, of course, be very high or extremely low. 

(11.) Estimation of Probability. 

A fuU expo- The full exposition of the applications of the theory of 
proSbUity probability would take us far beyond our province into the 
th^^ *^ region of mathematics. We are here concerned only with 
tics. the logical character of the theory, and we will pursue its 

developments only so far as is necessary to show how it is 
based upon various modes of combining disjunctive judg- 
ments, and deductive reasoning from those combinations. 
The primary difficulty always is to secure in each case a full 
statement of exhaustive, definite, exclusive, and equally 
likely, alternatives ; and it is in the determination of this 
that the mathematical doctrine of combinations and permu- 
tations is mainly appealed to. 
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(a) Probability of Simple Events. If we have to consider BookV. 

simply one set of alternative and co-ordinate possibilities, Ch^j^ 

oar data may be expressed in the single disjunctive pro- Theproba- 
•i.- J . 1. 1. 1. biUtyof 

position A 18 Bi or a2or , , , , a„, where we have n alterna- each of n 
lives fulfilling the four conditions enumerated above. As 2S^*Yt 
there is no reason for preferring any one of these alternatives, natives is 
the probability of each is equal. But as the alternatives ''*' 
are assumed to exhaust all possibilities, it is obvious that 
their sum must be equivalent to certainty, for we know A 
will be realized and are only ignorant as to which of the 
forms fli fla . . . a, that realization will take. This certainty 
is most appropriately represented by unity. The probability 
of ieach of the n co-ordinate alternatives fli fl2 • . . a« is, 
therefore, represented by the fraction Ijn. On the same 
lines, impossibility, i.e. the absence of any chance of realizing 
A in any form, would be represented by o/ti, i,e. by zero. 

Now, if there are n possibilities, the chances against the Odds=: 
realization of any particular one are obviously n-1; f or agaSisT. 
the sum of the chances for and against must be the total 
number of chances as w/n = l. This is expressed by saying 
the odds against any one particular case are w — 1 to i. Now, 
if a number of similar but distinct possibilities are massed 
together as one alternative, that alternative must be given 
its true value. For example, if there are n balls in an urn, 
of which one is white and the rest black, then the chance 
of drawing black is (w — 1) times that of drawing white, and 
the probabilities are not equal, but are represented by l/n 
for white, and {n-l)jn for black. 

(b) Probability of Compound Events. By a compound The basis of 
event is meant one in which two or more simple events bifity^f* 
occur in connexion with each other. The logical basis of compound 
the probability of such an event will, therefore, be found combina- 
in the combination of two or more disjunctive judgments, j^^Sitive** 
fulfilling the conditions enumerated above. The greatest judgments. 
care must be taken in the statement of the alternatives to 

make them both exclusive and exhaustive. 

(1) Independent Events, If we have two independent dis- 
junctive judgments, i.e, judgments whose predicates are 
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Book V. neither necessarily connected, nor necessarily incompatible, 
Ch^i. ^.^]j Q^Q^ other— 

A is either v or w 

A is either x or y or z, 

then by combining them we get the judgment 

A is either yx or vy or vz or wx or wy or wz. 

Similarly, if the disjunctive propositions are also hypo- 
thetical — 

If S is a, it is either v or w 

If S is b, it is either x or y or z, 

then the combination will give 

If 8 is both a and b, it is either vx or vy or vz or wx or wy 
or wz. 

In each case the number of alternatives in the joint pro- 
position is the product of the number of those in the single 
propositions, and as a result, the probability of the joint 
event is equal to the product of the probabilities of the 
simple events which it embraces. Thus, in the above 
symbolic examples, the probability of K is 1/^, and that of 
X is i/5, whilst the probability of vx is i/5. Generally, if 
the probability of an event, a, is Ijm, and the probability 
of another event, b, is i/n, then the probability that a and b 
will both occur is limn. But, as the direct basis of the joint 
probability is a single disjunctive proposition, the distinction 
between single and compound events is seen to be somewhat 
arbitrary, and to be nothing more than a distinction between 
two ways of regarding an occurrence. 

As an example we will take the following simple case. 
Let there be two urns each containing three balls, of which 
two are white and one is black. What is the probability of 
drawing a black ball from each? It might seem at first 
sight as if the two drawings give only four alternatives, 
viz. WW, wbf bw, bb, where w and b denote white and black 
respectively. But this is to neglect the fact that there are 
twice as many white as there are black balls ; in other words, 
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the alternatives are not of equal value. If we symbolize the Book V. 
contents of the first box as i^i w^ i&i, and that of the second Ch^L 
as w^y Wi, bi we then have the separate disjunctives, in which 
this objection is removed — 

A %8 either Wior w^or bi 
B is either w^ or w^ or b^ 

Then the combined disjunctive is 

A B is either WiW^ or WiW^ or Wibi or w^Ws or W2W4 or Wib^ or 
biWQ or biW4 or bib^ 

where the number of alternatives is seen to be nine, only 
one of which is bbj and, consequently, the probability of 
drawing two black balls is IjOy which is in accordance with 
the general rule given above. If we examine the other 
alternatives in the final proposition we see that there are 
four cases of two white balls ; therefore, the probability of 
drawing a white ball both times is 419. This is also in 
accordance with the general formula ; for the probability 
of white in each case separately is ^/S, and, therefore, the 
probability of white in both cases is^jS x 213=4 j9. Lastly, as 
the probability of white is in each case ;?/5, and that of black 
is i/5, so 2ld is the probability both that the drawings will 
give first white and then black, and that they wiU yield first 
black and then white ; this is shown to be true by the fact 
that the final proposition yields two cases in which white is 
followed by black and two cases in which black is followed 
by white. The sum of these probabilities is, of course, 
unity, as one of the alternatives must occur. The general 
principle is thus illustrated at every point. 

A similar example is found in the throwing of dice. If Example 
one die is thrown the probability that it will fall with the iB^°dicer^' 
side bearing six pips uppermost is i/^, as the die has six 
sides, and the probability of being uppermost is equal for 
them all. If a second die is thrown, the probability that in 
that throw six will be uppermost is also Ife ; consequently^ 
the probability that six will be thrown in each of two throws 
is 2l6Xll6=ll36, In this case, it is obviously immaterial 
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Example 
from the 
ballot 



whether two dice are thrown Bimultaneoasly or whether the 
same die is thrown twice saccessively. So in the former 
example, whether the two drawings are made from two urns 
each of which contains two white balls and one black one, 
or successively from one of those urns, makes no difference, 
so long as the constitution of the one urn is kept constant 
by returning after the first drawing the ball which had been 
drawn. This again illustrates the fact that the distinction 
between simple and compound events is an artificial one. 

(2) Dependent Events, This leads us to the case in which 
the events are not independent. This, however, in no way 
differs in principle from the one we have just considered, 
though still greater care is required in stating the alternatives. 
The case, stated generally, is when the second event depends 
in some way on the first, so that the probability of the 
realization of the second is modified by the occurrence or 
non-occurrence of the first. Perhaps, this will be best under- 
stood if we begin with the examination of an example. 
Starting, then, with the same supposition as before, of an 
urn containing three balls, two of which are white and one 
is black, we will ask what is the probability of drawing 
white twice in succession, if the ball extracted at the first 
drawing is not returned ? In this case the constitution of 
the box is obviously different at the second drawing from 
what it was at the first, and the probability of the second 
drawing yielding white depends upon the result of the first 
drawing. If black is drawn the first time, for example, 
nothing but white balls remain in the urn, and the second 
drawing must, therefore, certainly yield white. Whilst, if 
white is drawn the first time, there remain only one white 
and one black ball in the urn, and the chance of drawing 
white at the second draw is, in that case, IjS. This last 
case is the only one which concerns us ; as in the former, the 
first drawing yielding black obviously makes it impossible to 
get white at both the first two drawings. The two consecu- 
tive drawings from the same urn are, therefore, identical with 
a simultaneous drawing from two urns, one of which contains 
two white balls and one black ball, and the other contains 
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one white and one black ball. The disjunctions may, there- Book V. 
fore be written — -1_ ' 

A 18 either Wi or w^ or bx 

B is either Wq or b^ 

where w^ represents in the case of the single urn whichever 
of the white balls, Wi or w^, is not extracted at the first draw- 
ing. Combining these we have 

A B is either WiWq or Wibi or w^w^ or Wzb^ or b^w^ or b^b^ 

and there are seen to be six alternatives, including two cases 
in which two white balls are drawn. The probability of this 
drawing is, therefore 2J6—1I3. Similarly the probability of 
drawing two black balls is seen to be IjS, The same result 
is reached if we reason in this way — The chance of drawing 
white the first time is 2l3, But only if white is drawn the 
first time is the second drawing proceeded with. Hence the 
probability of the second drawing taking place at all is 21 3^ 
and the probability of that drawing yielding white is i/^, as 
it is made when the urn contains only one white and one 
black ball. Hence, the probability of a second white ball 
being drawn is 2/3 XI 12=1 13, 

A similar example is the enquiry into the probability that Bxampio 
if a penny is tossed up three times, head will fall uppermost a*©^**^ ^ 
each time. The probability that head will appear at the 
first throw is ll2, as head and tail are the only two alterna- 
tives. The probability of the second toss taking place is, 
therefore, 1/2^ and the probability of its yielding head is 1/2, 
The probability of two consecutive heads is therefore i/4. 
But only when this is secured does the third throw take 
place ; the probability of there being a third throw is, there- 
fore 1/4, and the probability that it will give heads is 1/2, 
Therefore, the probability of three consecutive heads is 1/8. 
The original disjunctions are — 

A is either hi or ti 
B is either h^ or t^ 
C is either h^ or t^ 
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A B C is either hihji^ or hih^U (^ ^I'a^s or h^^ or tjiji^ or 

tih^U or titiha or titits 

where it is seen that only one case ont of eight secnres three 
heads. 

Thus, the probability of the conjoined event is seen to be 
in this, as in the former case, the product of the probabilities 
of the separate events, and this is found to hold both whQ.n 
one event is contingent upon the occurrence of another, and 
when the separate events are independent. The results are 
different in the two cases, because in the former the number 
of possibilities of the second event is changed by the occur- 
rence o^ the first event. But the general formula given in 
the last paragraph — If the probability of ^ is Ijm and the 
probability of B is i/w, then the probability A B is limn — 
holds in every case. 

(3) Events which can happen in a Plurality of Ways. When 
we have obtained a correct statement of alternatives fulfill- 
ing the conditions of exhaustiveness, definiteness, exclusive- 
ness and equal likelihood, we sometimes find that several 
of them are followed by the same consequent. For 
example 

8 is either a or b or o, 

Jf S is a it is X, 

If S is b it is X, 

If 8 is it is y. 

Here it is obvious that the result is that 8 is either x w y, but 
that the probability of x is twice as great as that of y, as x will 
occur both when a is realized and when b is realized, and the 
probability of both a and b is seen, from the original propo- 
sition, to be i/5. Hence, the probability of x is 2l3. If in 
the original disjunction the probability of a had been i/j? — 
i,e. if the proposition when accurately stated ran 8 is either 
a or a or b or c, then the probability of x would, on the con- 
ditions given in the hypothetical propositions above, be 3/4, 
Thus to put the matter generally : When several distinct and 
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exclusive conditions have the same consequence, the proba- Book V* 

bility of that consequence is the sum of the probabilities of * 

those conditions. This, it will be seen, is not a new prin- 
ciple, but a simple deduction from the conditions which a 
set of alternatives must satisfy in order to form a basis for 
the calculation of probability. 

As a simple example, we will ask what is the probability that fixan^le 
head will come uppermost in one or other of two throws of a « com. 
penny. Here there are four alternatives in the original dis- 
junctive proposition. The throws are either hh or ht or th or tt, 
and any one of three of these secures a head. Of course in the 
first case, when head is once secured the second throw would 
not be made ; but the case must not be omitted, as there are 
two possible sequences in which head comes first. This is 
seen quite clearly when it is remembered that two consecutive 
throws of the same coin and the simultaneous tossing of two 
coins are identical as a basis for computing probability. We 
reach the same result by a line of reasoning similar to that we 
appealed to in the last case [see (2)]. The chance of getting 
head at each toss is 1/2 ; but the second toss is contingent on 
the failure of the first to give heads ; the probability of the 
toss itself is, therefore, 1/2, and consequently the probability 
of its giving heads is 1I2X1I2=1J4. Hence, the total proba- 
bility of getting heads in one or other of two tosses is 
112 +114 =--3 14. 

For another illustration we will take the probability that Bxample 
a throw of two dice will yield a certain defiiite number of ^dice. ^ 
pips, say seven, irrespective of how that number is divided 
between the faces of the two dice. Our original disjunction 
here consists of thirty-six alternatives ; each of which is a 
condition fulfilled in one throw, and yielding a particular 
consequence. Upon examining them, we find that the 
number seven results from six of these alternatives, as it 
may be composed of 4 -(-3, 5+2, or 6+1, and each of these 
may occur in two ways, according as the larger number ap- 
pears on the first or the second die. The probalility of seven 
being thrown is, therefore, 6136=116, Similarly, the proba- 
bility that each die will throw the same number of pips is 

LOQ. II. 12 
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Book V. i/^, as there are obviously six possible cases in which a pait 
Ch^i. ^f numbers can be shown. 

(c) Probability of Alternative Conditions. We will now 
'Inverse* consider what is often called "inverse" probability, which 
is^govemS stands in the same relation to the direct probability we have 
by the same jjggn hitherto dealing with as induction does to deduction, 
pnnoiples as .••,*. • -i j l . i 

'Direct' As the same principles of reasoning govern both those 
ro ability. mg^jjQ^g Qf inference, so here we shall find no new principles. 
The problem is— given that a certain event has happened, to 
which of a certain number of alternative causes or essential 
conditions is it probably due, each being conceived possible ? 
This is the problem that has to be solved in endeavouring to 
reach the true magnitude of a phenomenon from more or less 
inaccurate measurements. The problem, obviously, presents 
more practical difficulties in its solution than do those we 
have already dealt with, as we have often no certainty that 
we have correctly stated the alternatives. But the principle 
^® P'oba- on which we proceed is the simple one that the condition 
hypothesis from which the actual event would most probably follow is 
miMtbe jj^^g^ probably the condition from which it actually did 
^th th^ follow. We have, then, to take account of two probabilities 
probabiuty —(1) that the assumed condition was actually existent, and 
event would C^) ^^^^ *^® ^^^^^ would foUow from it if it were present ; 
JoUow if the probability of the condition is then the product of these 
thesis were two probabilities. This is seen to be only the inverse mode 
fulfilled. ^f stating the direct probability of a compound event. 
J^^ampie To take a simple example. We will suppose that an urn 

ballot is known to contain three balls but we are ignorant of their 

colour, and that after each drawing the ball drawn is returned 
to the urn. If one white ball is drawn we have no reason to 
conclude anything about the possibility of drawing or not 
drawing a ball of another colour. If the next drawing gives 
a black ball we have two alternatives, but we are not certain 
that they are exhaustive of all the possibilities. If, however, 
we continue drawing and get nothing but white and black 
balls, the probability that there are no balls of any other colour 
present becomes rapidly stronger. If, for instance, the urn 
contains one, and only one, red ball, the probability that that 
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ball would not be drawn at any one drawing is 2l3, The pro- Book V. 
bability, therefore, that it would not emerge in four drawings Ch^. 
\b on\y 2l3X2l3X2l3X2l3=16l81y whilst that it shonld not 
appear in eight drawings is only 2^13^ which is less than 1/^5, 
and with every drawing this probability decreases. On the 
other hand, if the urn contains only white and black balls, 
the result obtained would be a necessity. This assumption 
is, consequently, by far the more likely. 

As a slightly more complex example, we will assume it Second ex- 
known that the urn contains three balls which are known to be S?baUot™ 
either white or black, and we will estimate the probability of 
the various possible proportions of white and black balls in the 
urn. Before the drawings commence there are four possible 
alternatives — www, wwb, wbb^ bbb. The probability of each 
alternative is, therefore 1/^, and that of any one particular 
ball is 113x114=1112, The case is, indeed, the same as 
having twelve balls— six white and six black — to draw 
from. The first drawing, however, giving a white ball, the 
alternatives are reduced to three, bbb being put out of court. 
We then consider the relative probability of the remaining 
alternatives. As there are six ways in which w can be 
drawn, the probability for each individual white ball is 116. 
The probability, therefore, that the white ball actually drawn 
came from www is 3/6=112 ; that it came from wwb is 216=113, 
and that it came from wbb is 1/6. The most probable alter- 
native, therefore, at the end of the first drawing is www. IP, 
however, the second drawing gives a black ball, www is proved 
to be impossible, and the alternatives are reduced to wwb, and 
wbb. And so far, there is no reason to prefer one to the 
other. If, however, the next drawing is w, so that in three 
drawings w appears twice and b only once, the alternative 
wwb is the more probable. For assuming wwb to be real, the 
probability of w is at each drawing 2/3 and that of b is 1/3, 
Hence, the probability of getting a single combination 
giving w twice and b once is 213x2/3x113=4127. But this 
combination may be drawn in three different orders, viz., 
wwb, wbw, bww. Therefore the total probability of getting 
one of these three orders is the sum of them all, and as each 
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Book V. is 4j27 the sum is 3{4j27)^4ld, On the other hand, on the 
Ch^i. supposition of wbb^ the probability of getting w twice and b 
once is 21$ X IjS X IjS = 2l27. This may also happen in three 
ways, and therefore, its total probability is 3(2l27)=2l9, 
Thus the odds in fa^nr of the first hypothesis are ^ to i, 
and its probability is therefore 21$. 
Example As another example we will take a case of the probability 
cr^ibiifty ^^ testimony. Suppose that two witnesses, the probability 
of testi- of whose accuracy is 3/4 and 2/3 respectively, agree in affirm- 
ing the occurrence of an event which in itself is as likely to 
have happened as not to have happened ; t.e. whose ante- 
cedent probability is i/j?. What is the probability that the 
event really did happen? There are two possible and 
equally likely antecedents — that the event did happen, and 
that it did not happen. On the hypothesis that it did 
happen the probability of both witnesses stating that it did 
is the probability of their both telling the truth, i.e. 
3/4x213 = 6112. On the hypothesis that it did not happen, 
the probability that both witnesses should assert that it did 
is that of their both speaking falsely, i.e. Ij4xll3 = ljl2. 
The odds are, therefore ^ to i that the event did happen ; 
i.e. the probability that it really occurred is 6/7 . 
Continued (d) I^obabillty of the Becurrence of an Event.^ If we 
an^evenUn^ know nothing whatever of the conditions of an event, but 
crepes the only that it has occurred, we may estimate the probability 
thatitwiu that it will occur again. At first sight it might seem that 
occur again, ^jj^ chance of its occurring again under the same conditions 
is exactly equal to that of its not recurring ; i.e., that for 
every occurrence the probability would be ll2. But this 
would lead to the paradoxical result that continued repetition 
of an event gives us no grounds for expecting it to occur 
again, and so that even infinite uncontradicted experience of 
the occurrence would not increase our rational expectation 
that it should occur again. It is, however, a miscalculation, as 
it overlooks the fact that continued occurrence testifies to the 
persistence of the conditions which produce the event, and 
even though we do not know what those conditions are, yet 
as evidence of their existence increases, we are justified in 

^ The solution of this problem is that given by Lotze. Loaic^ 
§282(5). .. --, vy^ 
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expecting more and more strongly their continued existence. Book V. 
We must, therefore, take account of all the times the event Ch^i. 
has occurred, and in stating our original alternatives each of Bach occur- 
these must count as one. For instance, if an event has reason for 
happened once, that is one reason for expecting its re- J^|^*|JJ. 
currence. But if we put that on one side for the moment, 
the chances for its occurrence again would be equal. There 
are, therefore, two reasons to expect its recurrence and only 
one for expecting it not to happen again. The odds for its 
recurrence are, consequently, 2tol and the probability of the 
event happening again is SjS. So, generally, if an event has 
happened m times, that gives m alternatives in the original 
disjunction ; the possibilities that it may occur again and 
that it may not do so, add 2 more. Consequently, the total 
number of alternatives is m-{-2ot which m+i are favourable. 
The probability that the event will occur once more is, therefore, if 
therefore, (m-{-l)l(m+2). For instance, if the sun has risen S?cul?ed m" 
daily for five thousand years the probability that it will do *^™^^»f. 
so once more is 1^826^21411^826,215, It is thus evident that tiJat it win 
with continued uncontradicted experience, the probability of more^is^^^ 
a single repetition of the event rises very high indeed, and ( "*+0 
that it increaees with the growth of such experience ; the ^^^^^ 
larger the value of m, the nearer the probability ap- 
proaches to certainty. But this probability rests on the 
assumption that continued experience testifies to the persist- 
ence of the conditions which produce the event, and this 
assumption is itself only probable. The formula, therefore, 
measures the probability of the recurrence of the event 
only indirectly : it direcUy measures the probability of this 
probability. 

It will be seen that this calculation of probability is the This is the 
true basis of induction by simple enumeration. The formula dmSon t& 
shows that with wide and uncontradicted experience the simple enu- 
probability that an empirical law which summarizes that 
experience will hold good in one more case is very high. 
But it also shows that extension of it beyond the realm of 
actual experience becomes increasingly uncertain with in- 
crease in the width of that extension. For, if the formula 
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Book V. is written to show the probability that an event which has 
^- ^^ occurred m times will happen n times more, it becomes 
Theproba- (7nH-i)/(mH-w+i) — for m-\-2- in the original formula 
crearoswith ^=.m-\-l'\-l^ where 1 is the number of new cases, i.e. n — 
of unob?^^' which obviously decreases in value as n is increased. 
served cases Again, another modification of it shows how the actual 
law is ex- ° experience of the failure of the event, weakens the proba- 
tended. bility of its recurrence. For if an event has occurred 
m times and failed to occur n times under circumstances 
where it might have been expected to happen, then there are 
already m-{-n cases ; the possibilities that it may or may not 
occur again add 2 more, and thus, the probability for its 
recurrence is {ni'\-l)l{m-\-n-\-2), which decreases as n in- 
creases. In this case, the extension to p more cases becomes 
still more hazardous, as its formula is (77i+i)/(m+n+^+i), 
where (m+w) in the denominator corresponds to m in the. 
original formula, as it expresses the total number of observed 
cases, and p corresponds to n as expressing the number of 
unobserved cases, the probability of whose occurrence it is 
desired to estimate. 

158. Methods of determining Magnitude. 
The true As different measurements of the same phenomenon vary, 

S^heno- tJi® ascertainment of the true magnitude is an inductive 
^1^°^^ problem which can only be solved with a high degree of 
certainedby probable approximation. We have to decide what assump- 
probawiity. ^^^n as to the true magnitude will lead with the greatest 
probability to the values actually obtained, on certain 
hypotheses as to the character and mode of action of the 
unknown conditions to which the errors are due. We have 
the permanent cause which yields the true magnitude, and in 
addition an indefinite number of interfering conditions, 
more or less insignificant in amount, of whose number and 
influence we are ignorant. The question is— What assump- 
tions are we justified in making with regard to these con- 
ditions ; and, as a consequence of those assumptions, what 
practical methods are open to us of correcting our observa- 
tions of magnitude ? 



Digitized 



by Google 



QUANTITATIVE DETERMINATION. 183 

(i.) The Method of Means. ch. vi. ' 

When we have different resnlts from several measurements if no reason 
of the same phenomenon, we know that all but one mmt be, trary^s^^ 
and all mai/ be, erroneous. As the number of measurements is mosrprob-** 
increased, the probability of any one being exactly right gets able that the 
less and less, and may, therefore, in our discussion, be left out tude UMbe 
of account. If then we have two different measurements, four ^f®" **® 
alternatives are open to us — either both are too large, or both measure- 
are too small, or either one is too large and the other one too ™®^*** 
smaU. If we are really entirely ignorant of any conditions 
likely to influence the result one way or the other, these alter- 
natives will form a basis for the estimation of probability. If, 
however, the measurements are made with different instru- 
ments which have not the same degree of precision, or if one is 
' made by a method more likely to yield accurate results than 
that used in the other case, we should prefer the measure- 
ment made under the conditions most likely to yield an 
accurate result. " Any method of measurement which we 
" know to avoid a source of error is far to be preferred to 
" others which trust to probabilities for the elimination of 
" the error. As Flamsteed says : * One good instrument is of 
" as much worth as a hundred indifferent ones ' " (JeVons, 
Pr. of Sc, p. 391). But no methods or instruments give 
invariable and absolutely truthful results, though in all 
scientific work the methods are so well considered and so 
carefully employed, and the instruments are so delicate and 
* precise, that we may regard the occurrence of any consider- 
able error as a practical impossibility, and may assume that 
the larger a possible error is, the less is its chance of oc- 
currence. If, then, we assume that the two measurements 
were made by methods and with instruments equally likely 
to give an accurate result, and if we are absolutely ignorant 
of any ground for pref ering one measurement to the other — 
*.«., for expecting one kind of error rather than another — ^we 
are justified in assuming that in each measurement it is 
equally probable that the result obtained is too large or too 
smalL We have then two disjunctions A is 4 or ^, B is !g or 8^ 
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Book V. (where ^, B symbolize the two meaanrements, /=too large 
Ch^i. j^jj^ s=too small). Combining th^se, we get the disjunction 
>1 B is /1/2 or /18a or sji or S1S2. From this it follows that the 
probability either that both measurements are too large or 
that both are too small is ll4, whilst the probability that one 
is too large and one too small is 1/2. Thus the true magni- 
tude most probably lies within the limits of A and B, The 
same result is obtained from the hypothesis that small errors 
are more probable than large, for it would follow from this 
that the most probable magnitude is that which gives the 
least sum of errors. But if the true magnitude is between 
A and B the sum of the errors is ^ - B, whilst if it exceeds A 
or is less than B by /?, the sum of the errors of the two 
measurements is A-^B+Sn, As the number of measure- 
ments is increased, the probability that the true magnitude 
lies within the extremes rapidly increases. For example, if 
we have six measurements, the probability either that all of 
them are too large or that aW. of them are too small is only i/^4, 
whilst the probability that the true magnitude lies between 
the extreme measurements is 62/64. The odds are, therefore 
51 to i in favour of that hypothesis. 
Tho Arith- The question now arises as to what intermediate value is 
^eaniBihe ^^^ ^108* probable. The mathematical assumption is that 
most prob- ^hg number of causes of error is infinitely large, whilst the 
when we are influence of each is infinitely small, and that each is equally 
only 00^^*^ likely to be operative in increasing or in decreasing the 
magnitude, result. Under these conditions, the arithmetical mean— 1.6. 

(a + 5+ w)/w— of a number of measurements of the 

same phenomenon is most probably the true magnitude ; for 
the errors so caused will balance each other, the sum of 
but the Geo- *^® positive and that of the negative deviations being equal. 
metrical When, however, as happens in a few cases, some condition 

more ac- is known to be operative which varies as the square of the 
a"condition" ^listance, the Geometrical Mean— i.e. ^ab— gives the more 
acting ac- accurate result. For example, if the true weight of an object 
the i&4 of is sought by weighing it successively in the two scales of an 
squares is i™ Perfect balance, as gravity is an operative condition, the 
operaUve. true result will be the geometrical mean of the result. 
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though as, in small nambers, this differs but little from the Book V. 
arithmetical mean, the latter is generally taken as more easily ^- ^^' 
calculated. 

The arithmetical mean of the actual results of measure- The Aritli. 
ments is, then, the true magnitude — or the most probable Mean is of 
approximation to that magnitude— in the great majority of geniSa Ip- 
cases when we are dealing with a single phenomenon. The plication 
errors in such measurements are related to each other as magnitude 
simply more or less in one fixed direction, and may be^°j^^^^" 
graphically represented by setting off on a straight line, on 
either side of a zero point which indicates the true magni- 
tude— i.e. no error — divisions which are proportional to the 
positive and negative errors involved in the actual measure- 
ments. 

(ii.) Method of Least Sguaxes. 

But when we are dealing with compound magnitudes, in When a 

which two or more quantities are dependent on each other, Sependfnt 

the method of taking the arithmetical mean is no longer magnitudes 
. ^ ° is involved, 

available. This case may be spatially represented by the the most 

deviations from the bull's eye of the shots on a target. The ?SueSl;hat 
deviations are in all directions, but each can be resolved into "^^^^ 
a vertical deviation and a horizontal deviation. The graphic sum of the 
representation of each such resolution is a right-angled t2eem)ra 
triangle, in which the actual deviation is the hypoteneuse ; ^^ lejs* 
and the square on this equals the sum of the squares on the tms is the 
lines which represent its resolution into vertical and hori- ^^J^f^ ^^ 
zontal deviations. When the total deviations are measured, ^wixt*, 
the sum of their squares— on the supposition that the sum 
of the horizontal variations on the one side cancel those on 
the other, and that the vertical deviations neutralize each 
other in like manner — is easily shown by a geometrical con- 
struction to be the least possible. 

For if we call the true position P, and the actual positions Geometrical 
obtained A, B, and 0, then we may represent the deviations *^^^*^*^®"- 
from P as bl, h, o respectively. In decomposing these, we will 
assume that ^ is x above and m to the right of P, that B\^ y 
J)elow and n to the right of P, and that C is z below and r tp 
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the left of P, Then aa^xHrn*; />«=j^+/7«; (^=z'^-\-i^. If 
now we take any other position, R instead of P, we can 
express its relations to A, B, 
and C in similar terms. Suppose 
R IB Y above and t to the left 
of P, Then denoting the devia- 
tions of A, B, and C from R as ai, 
ibi, Ci respectively, we have ai^= 

(/7+0^ Ci2=(z+K)2 + (r-f)2. De- 
veloping this we have ai^ + b^ + c^ = 

x3+J'« + z2 + /w2+/7« + r2 + 3(K2 + /2) ^ 

2K(j'-f z -x) + 2t{jfn -{■ n-r). But, 
according to our hypothesis, if P 
is the true position y-\-z-x^O, and m+y?— r=0, for they 
represent the vertical and horizontal deviations respectively. 
Thus a2+/^-|-c« is less than a^^-{^b^^^Ci^ by 3(^2+^2), 

This is not offered as a proof of the method of least 
squares, but as an illustration of it. The proof, indeed, 
involves an appeal to mathematics which would be out of 
place here* The general statement of the method is : That 
magnitude is the most probable, whose assumption makes 
the sum of the squares of the errors of the actual measure- 
ments the least possible. It is seen by the above example to 
be an extension of the method of means, in that it indicates 
the most probable mean in cases which involve a plurality of 
arithmetical means. When we are dealing with only one 
magnitude the finding the arithmetical mean gives the same 
result as the application of the method of least squares, of 
which it is but a particular case. And it will be seen that this 
method shows the real agreement of the result obtained with 
the assumption that, as large errors are less probable than 
small, that result is most probable which gives the least 
possible sum of errors. If we take three measurements of a 
single phenomenon and obtain three values, the intermediate 
one will always give the least sum of simple errors, whether 
it is the arithmetical mean or not. For if a, b, o\)Q the three 
results the sum of errors involved in assuming ^ to be the 
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true magnitude Ir — assnming them to be given in descending Book V. 

magnitude— (a -/?)-[-(/?— c)=a-c. But if the arithmetical Chja. 

average does not coincide with b but deviates from it by say 

/7, then the sum of errors is a-c-\-n. For example, if our 

measurements are 15, 11, 10 ; then assuming 11 to be the 

true magnitude, the sum of errors is 4+1=5; whilst 12, 

which is the arithmetical mean, gives 3-[-l+2 = 6 as the sum 

of errors. And the same thing holds generally — the least 

sum of errors is obtained when the middle one of a series of 

measurements is taken as the true magnitude, if the series 

consists of an odd number of measurements ; whilst if it 

consists of an even number, either of the two middle results, 

or a result intermediate between them, will yield the same, 

and that the leasts sum of errors. But if we assume that 

the sum of the squares of the errors is to be the least possible, 

we find that this condition is fulfilled by the arithmetical 

mean alone. For example, on the supposition taken above, 

where the measurements were 16, 11, 10, if we assume 11 as 

the true magnitude, the sum of the squares of the errors is 

17 ; but if we assume 12, the arithmetical mean, as the true 

magnitude the sum of the squares of the errors is only 14 ; 

and every other supposition will necessarily give a larger 

sum of squares of errors. The method of least squares is, 

then, the most general mode of finding the true magnitude 

from a number of divergent measurements ; but when these 

measurements involve one magnitude only, the simplest 

mode of applying the method is to take the arithmetical 

mean. 
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CHAPTER VIL 

explXnation of thb given. 

^vil* ^^^- ^Sitxae of Explanation. 

ExpiMia. ^® ^^ ^^ *^® ^^^ chapter of the present Book (see § 142) 

tionispossi- that the world only becomes intelligible when it is conceived 

the given la ^8 a systematic unity, the elements of which are throughout 

necessary. Jq necessary relations to each other. The attainment of 

knowledge is nothing but the more thorough and complete 

determination of these relations. Hence, every element of 

reality is understood just to the extent to which its necessary 

relations to other elements are grasped. No doubt, reality as 

presented to us is infinitely complex, and consists of various 

phenomena which resemble each other generally, yet differ 

indefinitely in detail. But the very postulate of knowledge 

compels us to think every variation and every detail, even 

the smallest, as so determined by conditions that, under the 

circumstances, it could not possibly be other than it is. That 

the given is necessary is an assumption without which it 

It consists would be helpless to attempt to explain it, for all explanation 

Uinment of resolves itself into ascertaining the exact conditions by which 

conditious *^® given is determined. When the conditions of every 

detail of a phenomenon are so fully and exactly known that 

not only a phenomenon of this general character, but just 

this very phenomenon, with exactly these details, and each in 

exactly this amount, must follow from those conditions, and 

from those only, then that phenomenon is fully explained. 

Doubtless, in the vast majority of cases such thoroughness of 

explanation is not attained, and is not even sought. It is 

some particular aspect, or aspects, of the whole complex par- 
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ticular fact that it is desired to explain, and much of the rest Book V. 
of the detail is passed over as having no hearing on the Ch^ii. 
parpose in hand. But the ideal of explanation is the same : 
it is thorough in so far as the given can be shown to be the 
necessary consequence of certain definite and necessary con- 
ditions. It follows that all explanation is stated in those 
reciprocal hypothetical propositions which it is the business 
of induction to establish. The whole investigation in theAUinduc- 
present Book has, therefore, been an enquiry into explana- pianationj 
tion. And it may be gathered from it that explanation may 
be more or less perfect, that it proceeds throughout by 
hypothesis, and that it consists essentially in detecting the 
universal in the particular. For every relation is universal ; 
wherever the conditions are realized there the consequence is 
also realized. Thus, all explanation is a detection of the uni- and both are 
versal in the particular ; is, that is to say, a process of general- tion. 
ization. As explanation advances, therefore, phenomena 
widely different in many ways are seen to be, in some of 
their aspects, expressions of the same relation ; the interde- 
pendence of the elements of reality becomes more apparent, 
and not one phenomenon only but many are frequently 
covered by the same explanation. Every hypothesis is an 
attempt at explanation ; every established theory is an ex- 
planation of greater or less scope [cf, § 142 (iii.)]. 

Explanation may be directed either towards particular Explana- 
phenomena or towards those empirical laws which express either*©/ ° 
ascertained coincidences and sequences of phenomena, often particular 

' phenomena 

of considerable generality, the causes of which are unknown, orof empi- 
But in each case the explanation consists in the definite *^*^^*^^' 
determination of conditions [c/. § 150 (ii.) (6)]. Often, 
indeed, the only attainable explanation of a particular 
phenomenon is to show that it is an instance of some 
empirical law ; but such explanation is far from complete. 
On the other hand, the explanation of an empirical law 
frequently consists in the establishment of one of those far- 
reaching statements of necessary relation, such as the law 
of gravitation, the principle of the conservation of energy, or 
the atomic theory of matter, by which the systematic unity 
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&OOK y. of the world is constituted, and which may be regarded as 
^^^^' ultimate laws of nature. 
Expiana- The explanation of particular phenomena or classes of 

su^sted phenomena which are unfamiliar is, as we saw in treating of 
by analogy, the modes in which hypotheses originate (c/. ch. iii.), fre- 
quently suggested by analogy, and it is successful when it 
can be shown that both the new phenomenon and that already 
known are determined by conditions which are, at least in 
Ezpiana- some essential points, identical. To any one particular 
loScafor ^ person, of course, explanation can only be conveyed in terms 
merely which are already intelligible to him. It is this which 

popular. ^,.«. , , . . , , ttmt 1 ,• 

Clifford has m view when he says : " The explanation 
*^ describes the unknown and unfamiliar as being made up of 
*' the known and the familiar," and he adds " By known and 
"familiar I mean that which we know how to deal with, 
"either by action in the ordinary sense, or by active 
" thought " (Lectures and Essays^ pp. 101-2). He gives as an 
instance the explanation of the law of pressure of gases by 
the atomic theory. "The explanation [consists] in sup- 
" posing that a gas is made up of a vast number of minute 
'' particles always flying about and striking against one 
" another, and then showing that the rate of impact of such 
" a crowd of particles on the sides of the vessel containing 
" them would vary exactly as the pressure is found to vary. 
"... Observe now ; it is a perfectly well-known and 
" familiar thing that a body should strike against an opposing 
" surface and bound off again ; and it is a mere everyday 
" occurrence that what has only half as far to go should be 
" back in half the time ; but that pressure should be strictly 
" proportional to density is a comparatively strange, un- 
^ familiar phenomenon" {ihid.^ p. 101). Again, he says: 
" It is an explanation of the moon's motion to say that she 
" is a falling body, only she is going so fast and is so far off 
" that she falls quite round to the other side of the earth, 
** instead of hitting it ; and so goes on for ever. But it is 
" no explanation to say that a body falls because of gravita- 
'' tion. That means that the motion of the body may be 
" resolved into a motion of every one of its particles towards 
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** every one of the particles of the earth, with an acceleration Book V. 
" inversely as the square of the distance between them. But Ch^i. 
" this attraction of two particles must always, I think, be less 
" familiar than the original falling body, however early the 
"children of the future begin to read their Newton" 
(ibid., pp. 102-3). These extracts illustrate clearly the 
distinction between what we may call objective or logical 
explanation on the one hand, and popular or individual 
subjective explanation on the other. The latter looks at the 
individual mind, and seeks to bring the new phenomenon 
into relation to something already there ; the explanation 
will vary in character with the person to whom it is ad- 
dressed, and in many cases, will be utterly inadequate from 
a scientific point of view ; it may be merely a rough analogy 
or illustration, as is constantly the case with the only 
explanations which can be given to children. Logical 
explanation, on the other hand, does not regard the in- 
dividual mind as such, though, of course, it is reached and 
expressed by some individual mind. It expresses the ex- 
planation in terms of the most advanced knowledge on the 
subject, and it is itself, when first grasped, an addition to 
knowledge. The explanation by the atomic theory of the 
law of pressure of gases, and that of the moon's motion by 
gravitation are explanations of the latter kind, whilst the 
illustration of the former by rebounding bodies, and the 
statement of the latter as a movement of continual falling 
are examples of the popular kind of explanation. It is with 
the former kind of explanation only that logic has to do, and 
it is not too much to say that induction is concerned with 
nothing else. 

160. Generalization. 

(i) Nature of Generalization. 

From what has been said it is apparent that a process of Generaliai* 
generalization is throughout closely connected with indue- ^Sto^^^^ 
tion. The two have, indeed, often been regarded as svnonv- i^^enticai 

mi. -rw TT u Ti. I- 1 t with Induc- 

mous terms. Thus Dr. Venn says : " It has always been tion. 
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Book V. ** beld that laduction was esseotially a process of generali^a- 
^^iL^^' ** ^^^^ from particulars, and nothing more than this " (Emp. 
Log,, 1st Ed., p. 343), whilst MDl declares that ** Induction 
" properly so called . . . may * . . be summarily defined as 
"Generalization from experience" (HI., iii., § 1). In 
examining, therefore, the different riews which have been 
held as to the nature of inductive inference, we have ipso 
facto dealt with the various opinions as to the character of 
the inference involved in generalization (c/. Ch. II.). But 
now that what we regard as the true doctrine of induction 
has been developed with some fulness, it may be profitable 
to enquire into the connexion of the process with generaliza- 
tion, and to determine the real nature of the latter form of 
inference. 
The popular The popular doctrine is that generalization or indaction is 
that'^ne^ an inference from * many * to * all.* This was the meaning 
raiizationis attached to the terms by the scholastic logicians, who made 
from generalization consist in the establishment of the concept of 

I X^bas^ * ^^^^^ ^y *^® omission from the observed particulars of all at- 
OQ resein- tributes which distinguish them from each other. Similar in 
dependent essence is the doctrine that generalization is the inferring 
on^nunnJer ^^^^ ^^9,t is true of observed particulars is true of other 
of instances, particulars which resemble them. This is the view advanced 
by Mill in the Second Book of his Logic. " A general truth," 
he says, "is but an aggregate of particular truths," and 
further " Generalization ... is ... a process of inference. 
" From instances which we have observed, we feel warranted 
" in concluding that what we found true in those instances, 
"holds in all similar ones, past, present, and future, however 
" numerous they may be " (II., iii., § 3). The force of the 
inference, then, depends on the number of the observed in- 
stances. But, as we saw in the last chapter [see § 1 67 (ii.) (d)]^ 
Such an in- 8uch an inference can never be more than probable. A 

l^^PJ'tf*^ consideration of what is usual can never give more than a 
never oe , ■ , 

more than strong expectation of continuance ; it can never attain what 

^^° ^' science is always seeking, a knowledge of absolutely 

universal relations. This is insisted on by Jevons. " There 

" is," he says, " no distinction but that of degree between what 
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** is known as reasoniDg by generalization, and reasoning by Book V. 
" analogy. In both cases from certain observed resemblances Ohu^i. 
** we infer, with more or less probability, the existence of 
'* other resemblances. In generalization the resemblances 
** have great extension and usually little intension, whereas 
" in analogy we rely upon the great intension, the extension 
" being of small amount" (Pr, ofSci^y p. 696). By * generali- 
zation' Jevons here apparently means little more than 
induction by simple enumeration. But later on he correctly 
tells us : *' The term generalization, as commonly used,an- 
" eludes two processes which are of a different character, but 
" are often closely associated together. In the first place, wo 
" generalize when we recognize even in two objects a common 
'* nature. We cannot detect the slightest similarity without 
** opening the way to inference from one case to the other. 
"... A second process, to which the name of generalization 
" is often given, consists in passing from a fact or partial 
**law to a multitude of unexamined cases, which we believe 
" to be subject to the same conditions " (ibid,^ pp. 597-8). 
But neither of these uses corresponds to that in the former 
passage unless we there interpret * resemblance ' to mean 
' identity in essential conditions.' 

This leads us to the true view that generalization consists Generaiiza- 
in passing from observed phenomena to their essential and deSction^of 
invariable conditions ; in the detection, as Jevons puts it, of thoessentui 
a true " common nature." When this is done, and when it of phetK?* 
is shown that any new phenomena are determined by just '"^'"^ 
those conditions, all is done. There is no inference from 
observed instances to all; for once it is established that the 
essential conditions in the several cases are identical, no place 
remains for inference ; we have a simple example of the law 
of identity. As Green tersely puts it : " From mere resem- 
" blance of attributes there is no valid inference at all ; and 
" where for such resemblance has been substituted an identity 
" between the conditions . . , the inference is over " (Phil, 
Works, vol. ii., p. 279). Nor is the inference made from ScVS'nJt 
number of instances as such. As soon as the essential con- ^»sodon 
ditions of any phenomenon are ascertained, the generaliza- instances, 

LOGt. II. 13 
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tion that these conditions nniversally determine thia resnlt 
is made, and is expressed in the hypothetical judgment, 
1/8 is M it is P, and no amount of snbseqoent confirmatory 
experience strengthens it. And this complete knowledge 
may, in favourable cases, be attained by the careful analysis 
of a single instance. The validity of the generalization 
rests, not on the number of the instances examined, but upon 
the fundamental postulate of knowledge that every element 
of reality is definitely determined, and that always in the 
same way, so that the relation between a phenomenon and 
its conditions cannot vary. Without this assumption, as wc 
have seen, all knowledge would become impossible. This, 
indeed, is the view of generalization that underlies Mill's 
treatment of Induction in the Third Book of his Logic^ and 
is exemplified in his experimental methods, which are in- 
tended as means of ascertaining the essential conditions of 
phenomena, by eliminating all unessential circumstances 
(qf, § 165). 

The essence of generalization, then, is the establishment 
of universal hypothetical propositions stating the determina- 
ting conditions of any given phenomenon ; and such pro- 
positions can be extended to new cases only as those cases 
are shown to be determined by just those conditions. But 
this is to say that generalization does not proceed from the 
known to the unknown, as no instances can be brought under 
the universal judgment till they are known. The universal 
hypothetical judgments of generalization, however, are purely 
abstract, and must be applied to reality by showing that there 
are cases which exemplify them. There must, that is to say, 
be material as well as formal generalization. It is not 
enough to know that Jf 8 is M it is P / for the advance of 
real knowledge we want to know tohen 8 is A/. 

In both these steps of generalization there is room for 
error. In the formal generalization error may exist, in that 
8 is A/ may be an imperfect statement of the essential con- 
ditions of P, or may contain other elements as well as those 
essential conditions. The generalization is absolutely justi- 
fied only when 8 is M does not contain^ but w, the groand 
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of P, The whole of the last two chapters have been de- Book V. 
voted to an examination of the means of securing this. In the ^^'^^ 
material aspect of the generalization there is also room for 
error. The point here is whether the essential conditions 
in this new case are exactly those expressed by 8 is M. The 
determination of this depends on insight in the particular 
branch of science concerned ; it is not a part of logical theory, 
but of experimental practice. 

It is the material step of generalization which is foremost The 
in the popular idea of inference through resemblance from Sep of gent- 
many to all. No doubt, phenomena which are determined J~^*^"jn 
by the same essential conditions are frequently very similar the popular 
in their sensible qualities, and in this resemblance we find ^^ 
practical guidance. All classification more or less assumes 
it, and we do not feel called on to analyse the conditions of 
each new object brought before us. As Dr. Bosanquet says : 
*• No analysis of water would help us, however true the con- 
^^ ditions under which it was made, if something which we 
"could not distinguish from water except by renewed 
" chemical analysis were liable to arise out of water by a 
" concealed process of causation, and were endowed with the 
" properties of sulphuric acid " {Logic, vol. ii., pp. 173-4). But 
even strong outward resemblance sometimes misleads us, as 
the issuer of false coin and forged bank notes is well aware. 
In scientific — i.e. exact — thought, we can never trust to it. 
A reliance on resemblance, for example, would class the sea- 
anemones in the vegetable rather than in the animal kingdom, 
and indeed for many years biology contained several instances 
of such false generalization. On the other hand, the outward 
resemblance may be of the slightest, and yet the essential 
conditions be identical. Jevons gives a striking example : 
"Between the brilliant explosive discharge of a thunder- 
" cloud and the gentle continuous current produced by two 
" pieces of metal and some dilute acid, there is no apparent 
" analogy whatever. It was therefore a work of great im- 
" portance when Faraday demonstrated the identity of the 
" forces in action " {Prin. ofSciy p. 612). 

Science must, therefore, always aim at reaching a fall 

13—2 
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kaowledge of essential condition?. But this aim cannot be 
attained all at once. As we have seen, the general process is 
from enumerative induction, through analogy, to complete 
scientific induction ; and at all stages we have hypotheses, 
I.e., tentative generalizations. Enumerative induction starts 
with resemblance, and suggests an empirical generalization 
that Evei'y 8 may be P, But that the resemblance is felt to 
be due to an underlying identity is shown by the attempt 
made in analogy to reach this identity, and to find a possible 
ground for the empirical generalization. The further induc- 
tive process is but the testing, moulding, and limiting of 
the suggested ground until the ideal is reached of a state- 
ment of conditions so exact that for every variation in the 
phenomenon an explanation can be found in a modification 
of the conditions. But even in science the attainment of 
such absolutely universal judgments is only possible after 
long and careful investigation, and in many branches of 
knowledge scarcely any such are yet attained. Whether a 
branch of science has succeeded or not in so stating its ulti- 
mate principles, forms the distinction between what Mill 
calls * Deductive and Experimental Sciences* (II., iv., § 5), a 
distinction which would be better expressed by speaking of 
* branches of science in the stage of hypothetical enquiry or 
in that of the application of established theories.' And the 
one precedes the other. Geology and medicine are largely 
in the former stage, astronomy and physics chiefly in the 
latter, while chemistry occupies at present an intermediate 
position. Whilst a branch of science is in the stage of hypo- 
thetical enquiry its generalizations are more or less empirical. 
In other words, an exact knowledge of what has to be 
explained must precede an attempt to explain it. Empirical 
generalizations, then, naturally precede generalizations of 
strict determination, or, as Whewell puts it : " Inductive 
** truths are of two kinds, Laws of Phenomena and Theories 
*' of Causes. It is necessary to begin in every science with 
" the Laws of Phenomena ; but it is impossible that we 
*' should be satisfied to stop short of a Theory of Causes " 
(Nov. Org. Ren., p. 118). As was pointed out in discussing 
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hypotheses, the distinction between these is one of degree, Book V. 
not of kind [see § 150 (ii.) (6)], but it is not an unimportant Ch^n. 
one nevertheless. We must, therefore, consider each of 
these two classes of generalizations, remembering that the 
latter alone fulfil the logical ideal. 

(ii.) Empirical Generalizations. 

An empirical generalization is one which is simply de- A" empiri- 

•i-ji^ 1 X xi^xi^ L J cal genei-ali- 

scriptive and not explanatory. It states an observed zation ia de- 
uniformity either as to the relations between two phe- no"exiaana. 
nomena or as to the mode of action of a certain class of toiy, 
objects, but the grounds of this uniformity are wholly or 
partially unknown. Kepler's laws of planetary motion 
before they were explained by the theory of gravitation were 
examples of the former kind of empirical generalization ; that 
the tides recur at regular intervals was, before its explana- 
tion by the same great theory, an instance of the latter kind. 
Contemporary knowledge furnishes numerous examples of 
similar observed, but not explained, uniformities. Frequently butexpiana- 
they exist as empirical generalizations a long time before ways re. 
they are explained, but explanation is always regarded as f^^Sfe 
ultimately attainable. And this belief is based upon a 
realization of the necessary unity of nature. For where 
there is observed uniformity of occurrence there is always 
a presumption that the conditions determining the pheno- 
menon are constant. This, as we saw in our consideration 
of the doctrine of Probability [see § 157 (ii.) (rf)],i8 the basis 
of all expectation of the recurrence of an event whose deter- 
mining conditions are unknown, and this expectation 
rationally increases with the extension of uncontradicted 
experience of the event. In other words, the oftener an 
empirical generalization is exemplified, the greater is the 
probability that there is a necessary and universal relation 
underlying it. But whilst the generalization remains 
empirical, it must never be assumed to be universally and 
necessarily true. Its statement can never be more than 
categorical ; we can at most say Every 8 is P, not IfSisM 
it ia P, Hence, the logical rule that an empirical generaliza- 



Digitized 



by Google 



198 INDUCTION. 

Book Y. tion can only be safely extended to adjacent cases, %,e,^ to 
^^ ^^^' cases which do not apparently vary mnch from those 
Empirical observed, and which do not exceed those limits of time and 
tkoM can^ space within which observation has been made. As we saw 
tettcl^^ in the estimation of the probability of an event's recurrence, 
caaea the wider the scope over which we try to extend an empirical 

time,^i2^ generalization the less is the assurance that it will be found 
iSuic^"™ to hold true, for the less ground have we for assuming 
that the essential determining conditions will remain un- 
changed. 
Statistical An interesting class of empirical generalizations is com- 
S^ areonly posed of what are often called * Statistical Laws ' but which 
^«^^ are better termed Statements of Statistical Uniformity. It 
uoDs, is well known that the number of persons who commit 

certain crimes, who are bom, or who die, in the course of a 
year bears a remarkably uniform proportion to the total 
number of the inhabitants of any given country ; there is, 
as we say, a pretty constant average preserved in many of 
the phenomena of social life. For example, something over 
seventy people out of every million commit suicide every 
year in England and Wales, whilst in Saxony the proportion 
is about five times as great as this, and in Ireland only about 
one- third as large. And these numbers are found to remain 
very uniform from year to year. Moreover, the averages 
are found to vary with great regularity according to the 
months of the year, being highest in June, falling regularly 
to December, and then gradually rising again ; and this 
occurs year after year. Fuither, the proportion who commit 
suicide at different ages remains fairly constant. This all 
points to the fact that social and material conditions remain 
comparatively unchanged for mankind in general. But it 
is an error to assume that such a statistical uniformity 
proves anything beyond its own existence. If it occurs 
again we are justified in concluding that the same causes 
have been at work in society as a whole. But with regard 
to the future we can only judge that the same numbers will 
be found to hold, if the same general conditions remain. 
To speak of such a uniformity as a * law * which must of 
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necessity be fulfilled is to misuse lauguage, for all a Book V. 

* statistical law * can say is, If all conditions remain un- ^^Ll?'* 

changed for the next period of time, then will all their 

consequents be realized. But this is mere tautology, for it 

simply says, If the past be exactly repeated it will be exactly 

repeated. The very question is whether all the conditions — 

known and unknown — will remain unchanged. But from the 

constancy of such averages an inference as to their necessity 

is sometimes drawn. Thus Buckle says : *' In a given state of 

" society a certain number of persons (about 250 each year) 

'' must put an end to their own life. This is the general 

" law, and the special question as to who shall commit the 

'* crime depends of coarse upon special laws : which how- 

'^ ever, in their total action, must obey the large social law 

" to which they are all subordinate. And the power of the 

" larger law is so irresistible, that neither the love of life, 

'^ nor the fear of another world can avail anything towards even 

*' checking its operation " (,H%%t, of Civilization, vol, i., pi. 25). 

But uniformity in averages combined with irregularity 

of details is exactly what the theory of probability would 

lead us to expect, even if no causation was operative at all, 

and it involves no necessity for its own continuance. No and involve 

doubt every element of reality is strictly determined in all foViheir ^ 

its details by its conditions — given exactly those conditions ^'/"yl"*^' 

that result is necessary. But this necessity is concealed by 

the average, which neglects all the particular characteristics 

of the individual instances. Necessity is only found when 

conditions are exactly determined, and ex hypothesi that is 

just what is not done in the case of an average. As Sigwart 

says: *'Such uniformities of numbers and averages are 

" primarily mere descriptions of facts, which need explana- 

" tion as much as the uniformity of the alternation between 

*'day and night ; and the explanation can be found only 

'* where the actual conditions, the efficient causes, are forth- 

" coming. But these are the concrete conditions of the 

"particular instances counted, they are not directly causes 

** of the numbers ; it is only the nature of the concrete 

" causes which can show it to be necessary for the effects to 
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"appear in certain numbers and numerical relations " (Lo^tc, 
Eng. trans., vol. ii., p. 490). 

The consideration of this leads ns to notice briefly the 
confusion which may be caused by the ambiguity of the 
word law. In the passage quoted from Buckle the * law * is 
spoken of as having a constraining force. This is its judicial 
use, and one which is quite inapplicable to mere observed 
uniformities. This use of the word is thus defined by 
Austin in his Lectures on Jurisprudence : " A law, in the 
** most general and comprehensive acceptation in which the 
" term, in its literal meaning, is employed, may be said to 
" be a rule laid down for the guidance of an intelligent being 
"by an intelligent being having power over him." But in 
the scientific sense, a law is a statement of a necessary con- 
nexion ; it is not something imposed upon reality from 
without, but is the outcome of the nature of reality itself. 
The perception of natural laws is due, no doubt, to the 
synthetic activity of mind, but it is possible only because the 
connexion actually exists in reality. It is because the world 
is a systematic unity that we are compelled to think it as 
such. A law, then, in the strict scientific sense is a fully 
established statement of universal and necessary connexion. 
Such a connexion is, however, always abstract ; no law ever 
expresses more than one aspect of a phenomenon ; thus the 
law is the means by which we mentally interpret the fact, 
but is never simply and exactly exemplified in the fact. 
But more loosely, the term is frequently used to denote mere 
empirical generalizations such as we have been considering. 
These, however, express no necessity and, consequently, are 
not laws in the strict sense. It is better, therefore, not to 
apply the term to them at all, or at least, to qualify it if it 
is so applied by the adjective * empirical ' ; though indeed 
* empirical law ' is, correctly speaking, almost a contradiction 
in terms. 



(iii) Necessary Truth. 

We have seen that a general judgment is not a summary 
of particular judgments, for it is not arrived at by sammaris- 
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ing the records of events which have been often observed to Book V. 
occur. Such a process, as we have more than once urged, Ch^ii. 
can yield nothing more than a greater or less degree of General 
expectation. General truths are, then, not derived from J^i§?fn)m 
experience, in the sense in which the empiricist uses the ph^mena. 
word ; that is, they are not obtained from simple observation 
of the actual connexion of two phenomena. On the contrary, 
they are the result of such an analysis of reality as enables 
us to state the relation which holds between a phenomenon 
and its conditions. And when this relation is ascertained, wiien the 
the principle of the unity of the world— without which all Sa^^pheno- 
knowledge is impossible — compels us to think it as universally menon are 
and necessarily true. Of course, if our analysis is inaccurate, stated the 
if what we assume to be the conditions of the phenomenon jJ^S^riiy* 
are not really its conditions, then our general propositions are ti^^o- 
not true. Or again, if our analysis is inadequate ; if what 
we take for the essential conditions include other elements, 
or if we omit some essential elements of the conditions, then 
our judgment has not universal validity ; it is, we may say, 
nearly true. There is, then, room for mistake in the applica- 
tion of our hypothetical judgments to reality. Every such 
judgment is subjectively necessary as an act of thought ; it 
expresses a necessary relation between its antecedent and its 
consequent, and whoever accepts the judgment, ipso facto 
accepts this relation as universal and necessary. But the judg- 
ment may fail to express accurately the nature of reality, 
either concerning the particular relation with which it deals, 
or respecting the conuexion of that relation with systematic 
reality as a whole. However, in so far as any general judg- 
ment is true, it is necessarily true, for necessity consists only 
in the connexion of a consequent with its ground. Un- Doubt can 
certainty, when it exists, pertains to the truth of the judg- Jfl^gJ^* 
ment in the form in which it is expressed, i,e. it attaches to ment of the 
the accuracy and adequacy of the analysis of conditions upon ^" ^ ^""* 
which it is founded. When this accuracy and adequacy are 
undoubted there is no uncertainty. 

Here we find the reason why the axioms and other truths 
of mathematics are often held to be of a superior rank to 
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those of physical science ; so that the former are spoken of 
as 'necessary,* the latter as * contingent' truths. Now 
mathematical truths are not necessary in the psychological 
sense that everybody must think them ; as a matter of fact 
the majority of the inhabitants of the world never do really 
and explicitly think such truths. They are necessary in the 
sense that those who think them at all can think them only 
in one way. For in mathematics we deal entirely with 
abstract relations ; we, therefore, constitute the conditions 
by our own mental act, and as so constituted they are not 
liable to be modified by other conditions. In geometry, for 
example, we deal only with abstract ideas of limits — with 
surfaces, and lines and points. We construct our figures by a 
mental synthesis of just those elements and nothing more, 
and from such construction we derive propositions which, as 
they express relations subject to no conditions but those 
which we have ourselves imposed, are applicable to every 
other figure in which just those conditions, and those only, 
are fulfilled, and are, therefore, universal. Indeed, in 
mathematical construction the ideal aimed at in ex- 
periment — to have no unknown conditions present— is 
realized. 

It is impossible, therefore, to agree with Mill when he 
says that the "character of necessity, ascribed to the truths 
*' of mathematics and even (with some reservations . • . ) 
*' the peculiar certainty attributed to them, is an illusion ; in 
'* order to sustain which, it is necessary to suppose that 
" those truths relate to, and express the properties of purely 
"imaginary objects '' (Logic^ II., v., § 1). In support of this 
position, and in accordance with his general empiricist 
doctrine, he advances the theory that the definitions of 
geometry are " some of our first and most obvious generaliza- 
" tions concerning natural objects." This we cannot grant. 
The concepts and axioms on which mathematics rests are 
not generalizations from sensuous experience. Points and 
lines are not sensations or combinations of sensations, but 
are the conceived limits of surfaces, in other words relations 
which exist for thought but not for sense perception. After 
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laying down that " there exist no points without magnitude ; Book V. 
** no lines without breadth, nor perfectly straight ; no circles ^*J;_^"- 
" with all their radii exactly equal, nor squares with all their 
" angles perfectly right," Mill goes on to pay " The points, 
'* lines, circles, and squares which anyone has in his mind, 
** are (I apprehend) simply copies of the points, lines, circles, 
^* and squares which he has known in his experience. Our 
*4dea of a point, I apprehend to be simply our idea of the 
" minimum visibile, the smallest portion of surface which we 
" can see. A line as defined by geometers is wholly incon- 
^^ceivable. We can reason about a line as if it had no 
** breadth ; because we have . . . the power, when a percep- 
*' tion is present to our senses or a conception to our in- 
" tellects, of attending to a part only of that perception or 
"conception, instead of the whole. But we cannot con- 
*' ceive a line without breadth ; we can form no mental 
"picture of such a line'* (Logic, II, v., § 1). Hence, each 
geometrical definition " is only nearly true ; so nearly and are only 
" that no error of any importance in practice will be in- "^^ ^ ^*^^ 
" curred by feigning it to be exactly true " (ibid,). Similarly and that 
he tells us the axioms of geometry " are experimental truths ; Sioms^are 
" generalizations from observation. The proposition. Two §^"Yfrom 
" straight lines cannot enclose a space ... is an induction observaUon, 
"from the evidence of our senses" {ibid., § 4). But, if 
* experience ' gives us no lines which are perfectly straight, 
whence comes the idea of a straight line ? Mill says that the 
lines of experience approximate to straightness, and there- 
fore, apparently, that the idea of straightness is obtained by 
abstracting all elements of crookedness from the imperfect 
lines presented to our senses. But this is to beg the ques- 
tion. For crookedness is known only as deviation from 
straightness ; unless, therefore, we approach crooked lines with 
the idea of straightness already in our minds, it is evident 
we cannot know them as more or less crooked, for we have no 
standard by which to test them. And we cannot * abstract' 
straightness from the lines given in sense perception, for 
ex hypoiheei it is not there to be abstracted. Similarly we 
must have a concept of a perfect circle before we can say 
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that any * real ' circle is, or is not, imperfect. Mill's whole 
argument, indeed, is vitiated by the confusion between a 
true concept and a mental image. Throughout his discussion 
of the definitions of geometry, he is really speaking of images, 
or sensible representations of objects possessing certain 
attributes, instead of concepts, i.e. intelligible syntheses of 
those attributes. Thus we get the sufficiently absurd paradox 
that '^ a line as (/€;?;2e^ . . . \a inconceivable.*^ How the defini- 
tion, which states the content of the concept (c/*. § 41)^), is 
possible, though the existence of the concept itself is im- 
possible, Mill does not explain. That we cannot form 
mental images of perfect geometrical figures is true ; that wo 
cannot conceive— i.e. think — them is false. As G. H. Lewes 
says : " That which is unpicturable may be conceivable, 
*^ and the abstraction which is impossible to perception and 
** imagination is easy to conception. It is thus that sensibles 
** are raised to intelligibles, and the constructions of science — 
" conceptions — take the place of perceptions " (Problems of 
Life and Mind, vol. i., p. 420). Nor are these conceptions 
* imaginary ' in the sense of * unreal' in which Mill uses the 
word. The truly *reaP figures of geometry are the ac- 
curate ones of conception, not the more or less imperfect 
ones of perception. And of these real figures the theorems 
of geometry are strictly and exactly true, whilst they are 
ttue of the material figures of sense experience just in the 
proportion in which those figures approximate to ideal 
perfection. The necessary character of mathematical truths, 
is therefore not due, as Mill says it is, to inseparable connexion 
in experience. This we have seen can only give expectation ; 
it can never prove the truth of a universal proposition in any 
subject. As Dr. Bosanquet says : "It is of no use to say, 
^* ^ I have seen it so often that I cannot help believing it 
" true.' One might almost as well say, * I have said it so 
" often that I cannot help believing it true.* The question 
" is not how often you have seen it, but what you now know 
" that you saw, and under what precise conditions '* {Logic, 
vol. ii., p. 223). It is, as was said above, because we can 
in mathematics state the precise conditions of any relation 
^ ITirtit Edition, § 56. 
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that the theorems of that science are exactly and necessarily Book V. 
true. «LL«- 

But in physical science, the essential conditions are given but this 
us in complex reality ; we have to fiad them and not merely knowledge 
to construct them ; hence, there is, in many cases, room for {^^"f^e^ 
some uncertainty as to whether they have been correctly in physical 
ascertained. But, it is as true of a general judgment con- * ®"^®* 
ceming natural phenomena as it is of a general judgment in 
mathematics, that if it is once true, it is always true, and 
that so far as it is true it is necessary in that system of still, all 
reality of which alone we can form a conception. We will ^ittSL?"*" 
sum up this part of our discussion in the words of Green : aboutnaturo 

r x^ are neces- 

" The distinction, then, of the * necessity* of mathematical saryinsofar 

" truths from the * contingency' of truths about nature, if it ^.^^^ *" 

'* is to hold at all, is not to be understood as if it were only 

** in mathematics, and not in natural Science, that what is 

"once true must be always true, or as if natural laws were 

" liable to change, mathematical laws not. The true distinc- 

^Hion is between what is fully true and what is partially 

" true. What is fully true once is fully true always, of a 

" natural phenomenon no less than of a geometrical figure ; 

** but any proposition about a natural phenomenon is true 

"of it only under conditions of which we do not know all, 

*' while a proposition about a geometrical figure, if true at 

" all, is true of it under conditions which we completely 

** know " (Phil, Works, vol. ii., pp. 249-50). 

Now to say that a judgment is held as universally, i.e., as To accept a 

necessarily, true is the same thing as to say that its contra- trueS^torS 

dictory is inconceivable (cf, § 18^). If one has clearly J®^*^ ^^' 

conceived the proposition and the grounds on which it rests, iDconceiv- 

and has accepted it as true, it is impossible for him at the ^^^^ 

same time to think its contradictory as true. But, before 

the general proposition was conceived, it was, of course, 

possible to accept its contradictory. The fact, therefore. The aocep. 

that propositions, whose contradictory cannot now be con- truSas* 

ceived by persons who are well-informed in the branch of JJ^dawTbe 

knowledge to which they refer, have not been always held to universaL 

be true, or are not now held to be true by everybody, is not a 

^ First Edition, $ 23. 
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Book V. valid argament against the position that the contradictory of 

^^iZ?'* * proposition received as true is inconceivable. We know that 

many judgments are now received as true by savages which 

are incredible to civilized men ; and on the other hand, a 

scientist holds many judgments to be necessarily true which 

to a less well-informed mind are doubtful or meaningless. 

The variation is simply due to differences in knowledge. 

But to argue as Mill does [Logic^ If., v., § 6 ; vii.] that a 

judgment cannot be said to be inconceivable because it has 

at one time been held to be true is inadmissible except on the 

totally unwarranted assumption that every true proposition 

must have been known by all men at all times. The true 

doctrine is simply that " Given any proposition conceived as 

*^ wholly (unconditionally) true, you cannot conceive its con- 

" tradictory to be true consistently with that idea of the 

" unity of the world without which no proposition could be 

** conceived to be really either true or untrue" (Green, 

inconceiva- op, cit,^ p. 266). But, as holding a proposition to be neces- 

contradic sarily true and holding its contradictory to be inconceivable 

aif?ndei^n. *^® ^"^ *^^ *^® BAm^ thing, it f ollows that inconceivability of 

dent test of the opposite is not, as Mr. Spencer teaches, an independent 

apropoai-^ test of the truth of any proposition. Even an individual 

tion. ^^Q accepts a proposition does not hold it to be tme because 

he cannot conceive its contradictory. The fact that he 

cannot do so shows that every judgment is for him who 

makes it necessarily true. But this necessity is purely 

psychological. It is not, as Dr. Bosanquet says, '^ the logical 

"reason for making the judgment, only a psychological 

" description of the effect which that reason produces " 

(Knowledge and Reality, p. 332). The logical ground or 

reason why any individual holds a judgment to be true can 

only be found in the relation of that judgment to the totality 

Logical of knowledge of the individual. If we wish to pass from 

relative to* this individual necessity we can only do so on the same lines. 

the whole y^Q must take as the ground of the truth of a judgment its 

knowledge, relations to the whole system of knowledge available. Thos 

we may say that a general proposition is objectively true and 

logically necessary when it expresses the only posdble way 
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of explaining the facts consistently with the conceived Book V. 
unity of the world. As this necessity is grounded in the ^^^^^ 
whole system of knowledge, it follows that as that system 
becomes more complete, the probability that any judgment 
received as true by experts in any branch of knowledge will 
ultimately be proved to be false decreases. But it is also 
evident that such necessity cannot be absolute and ultimate and can 
until knowledge is complete. For, as all the elements of l^iutewhon 
reality are interrelated through and through, so that the ^Jj^^^i*^ 
whole universe is a systematic and organic unity, it follows 
that perfect validity of thought would involve perfect know- 
ledge of the universe. As Dr. Bosanquet says : "Ultimately, 
" we may imagine, nothing can be rightly known without 
" knowing all else rightly *' (LogiCy vol. i., p. 393). But as 
we are yet far from this state of omniscience, we must 
acknowledge that our judgments about reality are tainted 
with a greater or less degree of uncertainty, and that the 
truth of our universal judgments is, to some extent, pro- 
visional and dependent upon the advance of knowledge. 
But so far as a judgment is true our fundamental postulate 
of knowledge compels us to think it as necessary ; doubt 
does not attach to the universal determination of a pheno- 
menon by its conditions, but to the accuracy and adequacy 
with which our analysis has ascertained those conditions. 

161. Systematization. 

Our discussion has led us to see that the ultimate aim of Scientific 
scientific thought is to attain a consistent and adequate aims^at con- 
concept of the universe as a systematic whole, and that we ^^^J^^e the 

* . '' ' universe as a 

approximate more and more closely to this as we find more systematic 
and more fully that the phenomena of experience are ^ ° ®' 
reducible to manifestations of law. But every law is 
applicable to a multiplicity of facts, and expresses one of 
its aspects, and hence scientific thought is, as Mach puts it, 
" economical *' and makes it possible to mentally grasp in 
one compendious view a mass of detail which would other- 
wise be ntterly nnmanageable. The grasp of laws alone 
can make experience intelligible to us ; as we said in the 
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beginning of this book, a fact without the idea by which it is 
thought, is nothing [see § 141 (ii)]. Moreover, scientific 
thought aims at reaching laws of the widest possible applica- 
tion. As Mach says : '^ Those ideas that hold good through- 
" out the widest domains of research and that supplement 
'^ the greatest amount of experience, are the most scientific *' 
(Princ. of Mechanics, p. 490). And this bringing more and 
more of the realm of experience under one and the same 
law is, in a very true sense, a simplification of our concept 
of the universe, and the only sense, as was previously pointed 
out, in which simplicity is a test of the truth of a theory 
(0/ § 152). 

One of the widest-reaching and most fertile of the ideas of 
which physical science avails itself is the Principle of Con- 
tinuity, expressed by the old dictum Natura non agit per 
saltum ; which assumes that no abrupt transitions are ever 
found in nature. By this principle, e.g.^ though experience 
can never give us an exact instance of the operation of the law 
of inertia, yet we may approximate nearer and nearer to one, 
as the interfering conditions of friction, etc., are more and 
more reduced, and so we may justly infer what experience 
can never show us, that if ^1 interfering conditions were 
removed, the law would be exactly fulfilled in phenomena. 
And the same holds with many other laws. The discovery 
of the existence of 'critical pressures' and 'critical tem- 
peratures ' of liquids has revealed continuity even where it 
seemed to fail, viz., in the transition from the liquid to the 
gaseous state, which under ordinary circumstances appears an 
abrupt breach of continuity. But experiment has shown that 
at certain temperatures and under certain pressure, differing 
for various substances, the substance experimented on exists 
in a state which is at the same time indistinguishable from 
that of liquid and gas. For example, the critical tempera- 
ture of hydrogen is —220° and the critical pressure is 20 
atmospheres \cf, § 164 (ii.) (/)]. Similarly, accurate obser- 
vation has shown that " ice does not turn into water all at 
'* once, but through a small fraction of a degree the change 
" is gradual " (Jevons, Pr, of 5c., p. 619). It is evident that 
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this principle largely conduces to the economy of thought Book V. 
and is fertile in suggesting explanations of phenomena. Ch^i. 

In the attempt to think the whole universe under one The 
concept, the simplest and most apparently obvious is that S^^°of^ 
of a thorough-going mechanism. Thus, assuming the atomic ^leuniverso 
theory, and the theory of the conservation of energy, all but iuade- 
phenomena, it is said, may be conceived as due to me- ^inorganic 
chanical relations of the ultimate atoms. But, even in the nature ; 
inorganic world it is doubtful whether this conception is 
adequate. As Mach puts it : *' Purely mechanical pheno- 
*^mena do not exist. . . . [They] are abstractions made, 
" either intentionally or from necessity, for facilitating our 
*' comprehension of things. The same thing is true of the 
" other classes of physical phenomena. Every event belongs, 
" in a strict sense, to all the departments of physics. . . . 
'* The view that makes mechanics the basis of the remaining 
** branches of physics, and explains all physical phenomena 
" by mechanical ideas, is in our judgment a prejudice. . . . 
"We have no means of knowing, as yet, which of the 
'* physical phenomena go deepest^ whether the mechanical 
" phenomena are perhaps not the most superficial of all, or 
" whether all do not go equally deep, . . . The mechanical 
'Uheory of nature is, undoubtedly, in an historical view, 
^ both intelligible and pardonable ; and it may also, for a 
" time, have been of much value. But, upon the whole, it is 
" an artificial conception " (op, city pp. 496-6). Of course, 
the theory of the conservation of energy does not commit 
one who accepts it to a merely mechanic^ view of nature, as 
it simply assumes that there is " an invariable quantitative 
" connexion between mechanical and other kinds of pheno- 
" mena " (ibid,, p. 499). Moreover, " all physical knowledge 
'* can only mentally represent and anticipate compounds of 
''those elements we call sensations. It is concerned with 
'* the connexion of these elements. . . . Processes, thus, that 
"in appearance are purely mechanical, are, in addition to 
"their evident mechanical features, always physiological, 
" and, consequently, also electrical, chemical and so forth. 
" The science of mechanics does not comprise the founda- 

LOG. II. 14 
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'^ tions, no, nor even a part of the world, bnt only an cupeci 
"of it" (iftiU, p. 507). 

When we turn oar attention to what is known as organic 
natnre the inadequacy of the mechanical theory becomes 
more evident. Here we need, at the least, to supplement any 
such theory by the principle of development. But this 
principle involves some reference to an end, and is, therefore, 
to some extent at any rate, teleological. For in tracing the 
development of an organism, the lower and earlier forms are 
necessarily regarded as conditions, together with the environ- 
ment, of those higher and final iorms, whose adaptation to 
their environment is most perfect. Hence, the principle of 
development compels us to seek the true nature of organisms, 
not in the past states from which they have been evolved 
but, in the future states towards which they gradually and 
more or less perfectly approximate. 

But this constant though gradual adaptation to an end is 
only qnasi-teleological, as the end is not conceived by the 
developing organism. The concept of the nniverse as the 
expression of rational thought, as, consequently, compre- 
hensible by intelligent beings, and, as a result of such com- 
prehension, adaptable to their needs and purposes, is, how- 
ever, fully teleological. This conception embraces and 
transcends the others, and seems to ns to be the only one 
in which the mind of man can find rest and satisfaction. 



Digitized 



by Google 



BOOK VI. 



METHOD. 
CHAPTEK T. 

GENERAL NATURE OF METHOD. 

162. Scope of Method. Book VI. 

In the last three Books we have considered under what -^ 
conditions inferences are valid. Bat correctness of inference the c^.t 
is not all that is necessary either for the attainment of truth *"^««- 
or for its exposition ; it is also essential that those infer- Noughts. 
ences should be properly combined. This is the subject- 
matter of the doctrine of Method, which, in the words of 
the late Professor Croom Eobertson, considers "howreason- 
"ings, when employed continuously upon any matter what- 
"ever, should be set forth to pioduce their combined effect 
" on the mind " {Ency. Brit,, 9th ed., vol. i., p. 797). 

Method may, therefore, be defined as the conned; arrange- 
ment of thoughts either for the discovery or for the exposition of 
truth. This is, obviously, a subject of the utmost import- 
ance, but it is at the same time one which, from its character, 
is incapable of being reduced to strict rule. There is, there- 
fore, much less of definite doctrine to be given in this than 
in the other divisions of logic, and our task will be limited 
to the general considerations and principles on which good 
Arrangement dependsi 
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BookVI. 163. Kinds of Method. 

Ch.1. 

-T~ The character of the method to be adopted is partly de- 

ter of the ' termined by the subject-matter dealt with, and partly by 
piadsupon *^® object WO have in view. This will be manifest from 
wHjWierwe our discussion of induction and its relation to deduction, 
^^rtiou- For in some cases we can begin with general judgments and 
^e^ffeBenO. pri'^^^ipl^Sj ^^^ ^^^ object is to follow these out into their 
application in particular instances ; and in other cases, we 
must approach the problem from the side of particular in- 
stances, and our object is to discover what general laws those 
particulars exemplify. There is, thus, a broad division of 
method) corresponding to the distinction between inductive 
In the for- and deductive inference [cf. § 146 (iii.)]* When the object 
mefhodriB ^ ^^ ^^ ascertain general principles, and the only procedure 
^ludLia • ^P^^ ^ ^^ ^^ *^® examination of particular instances, the 
method followed is one of Analysis. For here we start with 
the complex of experience, and by examination and thought 
try to analyse or resolve it into the simple and universal 
in the latter relations which are realized in it. On the other hand, when 
on? of ^® ^^ s^*''* from general principles, either intuitively 

Sifnihitit, grasped or rigorously demonstrated, we follow a method of 
Synthesis; for by the composition of the simple and universal 
relations we seek to construct the complex individual. But, 
Thetwo as will be manifest from our previous discussion, these two 
notopposed. methods are not opposed to each other. Bather they *' differ 
" only as the road by which we ascend from a valley to a 
" mountain does from that by which we descend from the 
<< mountain into the valley, which is no difference of road, 
** but only a difference in the going " {Port Royal Logic, 
p. 314). 
A science la Doubtless in some branches of knowledge the one method 
SEen iuT**** is more prominent than the other, and thus we have the dis- 
inethod is tinction between deductive and experimental sciences, or, as 
analytic, it is sometimes expressed,- between inductive and deductive 
SJe^feMU sciences [qf, § 160 (i.)]. As Mill puts it : " A science is ex- 
method la « perimental, in proportion as every new case, which presents 
thetio, ' " any peculiar features, stands in need of a new set of obser- 
^ vations and experiments — a fresh induction'' (II., iv., § 5), 
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whilst it is deductive in proportion as every new case Book VI. 
as it arises can be brought under general principles already ^^'^ ' 
established. Sciences which deal with concrete reality natur- 
ally start by being preponderatingly experimental, and as they 
approach towards perfection become more and more deduc- 
tive. For as knowledge advances, wider and wider relations 
are established, connecting together results already arrived 
at, and bringing more and more nnity into the whole depart- 
ment of knowledge. And as a science advances towards the 
dednctive stage, in which the method is mainly synthetic, so 
it becomes more and more abstract, as it deals more and more 
with universal relations, and less and less directly with con- 
crete individuals. The greatest step in transforming the 
general method of a science is when considerations of exact 
quantity are first made applicable (o/. § 156). The science is 
then brought into touch with mathematics, which is em- 
phatically the deductive or synthetic science. Thus, for ex- 
ample, the science of astronomy has, since the time of Newton, 
been preponderatingly synthetic in its method, and the same 
may be said of physics. On the other hand, chemistry is still 
largely experimental, and geology and medicine still more so, but in no 
But in no science is one method used exclusively. Geometry, ^^^J® ^ 
for example, is generally synthetic in method, for it starts method used 
from certain definitions, axioms, and postulates, and dedno- ^^^ ^ ^^ ^' 
tively infers from them particular and complex spatial rela- 
tions. But, when a theorem is proposed to a geometrician, 
and, examining its terms in detail, he works out the results 
of each, and so obtains a conclusion which establishes, or dis- 
proves, the original theorem, he is pursuing the method of 
analysis or induction by hypothesis. 

One distinction commonly drawn between analysis and Broadly 
synthesis is that the former is the method of discovery, and ^aJy^^is 
the latter the method of exposition. And, interpreted care- *^o method 
fully, this will hold. Analysis is certainly the method by and syntho' 
which discovery at any rate starts, when it is concerned with JxpSitton. 
concrete reality. But to say that all discovery is made by 
analysis would be to neglect the advances made in know- 
ledge by the aid of mathematics, and to assert that as a 



Digitized 



by Google 



214 



METHOD. 



Book VI. science becomes more perfect — i.e. more synthetic in its 
^^' ^ ' method— its power of advancing knowledge decreases. On 
the other hand, the method of synthesis is the most appro- 
priate for the exposition of truth to one who can grasp the 
first principles, or general propositions, from which that 
method starts. Bnt it does not follow that it is the one 
most adapted for imparting new knowledge generally. To 
adopt it, indeed, wonld be, in many cases, to disregard the 
essential mle of method to start from the familiar {see § 164, 
Rule III.). Especially is this the case when we are dealing 
with children. To them the concrete particular is more 
familiar, and easier to be comprehended, than abstract 
general relations. Moreover, one great aim of the educator 
is to train in his pupils the power of making advances in 
knowledge without his aid. From both these considerations 
it follows that the right method to adopt in teaching children 
is, in its first stages, analytic. As analysis, however, in the 
growth of knowledge, gradually gives place to synthesis, 
and as nothing is thoroughly grasped till it can be recon- 
etmcted from its elements as well as resolved into them, so 
every step of analysis is, in good teaching, followed by one 
of synthesis. But when one's exposition is intended for 
well-prepared adults — as when one writes a text-book — the 
most appropriate method is, generally speaking, that of 
synthesis ; as by that method the necessary relations of the 
parts of the snbject to each other are most clearly shown. 
And, generally, the synthetic process is essential to success in 
the attempt to impart a clear and consistent view of any 
department of knowledge. 



Statement 
of five 
. General 
Rules of 
Method. 



164. General Bules of Method. 

Descartes, in his Discourse on Method (Part II.), gives the 
following four general rules of method, which have been 
substantially adopted by subsequent writers on the sub- 
ject : — 

Rule I. Never to accept anything as true which we do 
not clearly know to be so. 
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Rule n. To divide each of the difficnlties under ex- Book VI. 
amination into as many parts as possible, and as ^- ^ - 
may be necessary for its adequate solution. 

Bule in. To conduct our thoughts in such order that, 
by commencing with objects the simplest and easiest 
to know, we may ascend by little and little, and, as 
it were, step by step, to the more complex ; assign- 
ing in thought a certain order even to those objects 
which in their own nature do not stand in a relation 
of antecedence and sequence. 

Bnle rV. In every case to make enumerations so com- 
plete, and reviews so general, that we may be as- 
sured nothing is omitted. 

To these should be added another, viz. : 

Bule V. To coDceive clearly the end to be attained by 
the enquiry or argument. 

These rules, from their very generality, are no doubt 
difficult of application, but as the writers of the Fort Royal 
Logic observe, " it is always advantageous to have them in 
'* the mind, and to observe them as much as possible when 
" we try to discover the truth by means of reason, and as 
*' far as our mind is capable of knowing it '* (Eng. Trans., 
p. 316). 

Speaking generally, we may say that the essence of the 
rules may be summed up in the directions to make sure of 
our starting-point, to know the end we wish to attain, and to 
go from the starting-point to that end by orderly and con- 
secutive steps, each of which is seen in its true relation to 
all the rest of the enquiry. 

The starting point must always be that which is simplest AU good 
and most easy to be understood. But it is important to JJartewith 
remember that simplicity is relative to previous knowledge, what is 
and that superior simplicity broadly resolves itself into the nerson 
superior familiarity. It is, thus, frequently the case that dSrooiiree^* 
what is synplest in itself is by no means simplest to the addreaaed. 
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Book VI. learner. From the point of view of comprehensive know- 
^' ^ ' ledge, an abstract law of wide generality is simpler than any 
of the particular facts in which it is exemplified ; for each of 
those facts is complex, and contains mnch more than an 
expression of that law. In this sense the law of gravitation 
is simpler than the fall of an apple. Bat it by no means 
follows that it is simpler to one just entering on the stndy 
of nature. From the nature of the case, indeed, it cannot be 
80, for the general and abstract law is — as we saw in our 
consideration of induction — only arrived at as the result of a 
long and difficult analysis of complex reality. It, therefore, 
follows that this rule is adhered to only when the simplicity 
spoken of is determined by reference to the individual for 
whose sake the whole discourse is to be arranged. And it 
and the will be noticed that the decision of this point determines the 
thS^ter-^ general method to be adopted ; for when the * simple ' from 
™nerai*^^ which WO start consists of the complex particular facts of 
nature of experience, the general method of the exposition is analytic, 
' but when it is found in the enunciation of some easily 
grasped general trut)i — as, e.^r., in geometry — ^the general 
method is synthetic. 
True se- The importance of keeping to the true order of sequence, 

Se observed. SO that each step is made sure before the next advance is 
attempted, and so that each step follows naturally and easily 
from those that have preceded it, can scarcely be over- 
estimated by those who would either learn or teach with 
success and thoroughness. For, as the Port Royalists say : 
"It is indubitable . . . that we learn with incomparably 
"greater facility, and retain much better, what has been 
" taught us in the true order ; because the ideas which have 
**a natural connexion arrange themselves much better in 
" our memory, and suggest each other much more readily " 
(op. cit.^ p. 344). 
Examina- Olosely connected with this matter of arrangement is the 
ject matter question of correct and exhaustive subdivision of the subject 
Si^tivewfd ^^^^^ investigation or discussion. This implies distin- 
luteiugent. guishing the essential from the accidental and, tor the 
purpose in hand, unimportant elements, and the correct 
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estimation of the relations of all the elements to each other. Book VI. 
Experience here is apt to lead us astray. There is a natural ^^' ^ ' 
tendency to regard as necessarily connected what in our 
experience we find uniformly conjoined. There may be, and 
often is, a reason for the conjunction, but that reason can 
only be found in a careful analysis of all the complex 
circumstances. Thus, to borrow an illustration from Mr. 
Clarke {Logic, p. 470), if it were proved by statistics that a 
larger number of people are drowned on Sunday than on any 
other day of the week, there would be a tendency amongst 
many people to regard the fact as a sign of panishment for 
the desecration of the Sabbath, thus overlooking the essential 
circumstance that many people who cannot swim find the 
opportunity on that day only of disporting themselves in 
boats they do not know how to manage. In the examiination 
of social problems this matter of exhaustive analysis is 
all-important. An increase in the number of arrests for 
drunkenness, for example, does not necessarily demonstrate 
an increase of intemperance ; it may equally well point to 
greater activity on the part of the police. 

But the possibility both of orderly arrangement and of The end to 
correct estimation of the relative importance of the elements must he^ 
involved depends upon a clear conception of the end the ^^®*^(j^ 
enquiry is meant to attain. Of course, when the aim of the 
investigation is to reach new knowledge, and not simply to 
convey knowledge new to another but familiar to the 
expounder, this conception of the end is not definite and 
precise knowledge ; if it were there would be no room for 
the enquiry. But the nature and general character of the 
end to be attained must be clearly apprehended at the outset 
and kept in view throughout the discourse. Every step 
must then be a progressive filling out and determination of 
this end, till at length the problem is solved. No learner or 
enquirer can make true and regular progress by groping in 
the-dark. Attention must be concentrated and kept to the 
point, ready to see the relevance or irrelevance of each new 
consideration, and to dwell on, or reject, it accordingly, 
^nd relevance to the end can only be estimated when 
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BookVI. the natare of the end is known. This rule was given 

^•^ by the Port Royalists as applicable to analysis. It is 

however equally important when the method is synthetic, 

and musty therefore, be included ia the general rules of 

method. 
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CnAPTER II. 

ANALYSIS. 

165. Application of the General Rules. Book vi. 

Ch. 11. 

It will not be necessary to say much on the analytic — 
method, as it is really the method of indactive inquiry which th°*mett»od 
we examined in the last Book, and which we there saw is not ^ ^^^^ 
confined to single steps of inductive inference, but often 
involves long and complex trains of reasonings, all advancing 
little by little towards the end of the enquiry, enunciated in 
the hypothesis which guides the investigation. We saw also 
that this examination of complex reality cannot be reduced 
to mechanical rules. As the Port Boyalists acutely pointed 
out, analysis '^ consists more in judgment and sagacity of 
mind than in particular rules'* {op. citf p. 315). But the The General 
general rules of method are all-important. Of course the method 
very essence of analysis is that the * simple ' from which we mustbe ob- 
9tart is found in particular facts of experience, and the end 
aimed at is more or less accurately and clearly conceived and 
expressed in the hypothesis which guides the investigation. 
The necessity and difficulty of an exhaustive and systematic 
analysis of the given facts, and of a correct estimation of 
their relative importance, were sufficiently dealt with in 
Chapter Y. of the last Book. As the Port Royalists well 
remark : " It is in the attention we give to that which is 
"known in the question we wish to resolve, that analysis 
*^ mainly consists, the whole art being to derive, from this 
"examination, many truths which may conduct us to the 
** knowledge of what we seek " (op. ctt, p. 313). 
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Book VI, In the process of actual discovery it happens frequently, 
^^li.^ as we have seen, that hypotheses are put forth which further 
Tlieanaiytic enquiry shows to be either altogether wrong, or to need 
Instruction more or less extensive modification. But when the analytic 
rect thim* method is adopted in teaching, none of these erratic move- 
that of dia- ments of thought should find a place. The teacher, having 
covery. traversed the way before, is enabled to guide the pupil to the 
desired goal by the straight and direct road without allowing 
him to be distracted into by-paths diverging from it. The 
analytic method of exposition, therefore, differs in one very 
important particular from the actual process of discovery. 
. It is more direct, more definite, and, in consequence, much 
shorter. Did not the teacher thus shorten the road to his 
pupils, progress in knowledge would obviously be much 
slower than it is, as much time and energy would be 
expended in rediscovering all that has been already estab- 
lished. But, in the general essence of reaching general 
truths by an examination of concrete particulars, the two 
applications of the method are in agreement. The difference 
is that, in teaching, the particulars to be analysed are care- 
fully selected, as specially adapted to exhibit the general law 
to be arrived at, by one who has already found that law in 
them ; whilst in discovery the investigator has to work with 
material which has undergone no such preliminary process of 
selection, and the greater or less relevance of which is fully 
determined only in the course of the enquiry itself. 
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SYNTHESIS. 

166. Application of the General Rules. Book vi. 

Ch. III. 

In synthesis the * simple ' from which we start is found — 
in general propositions accepted as true, and the progress of M^^fhod ^^ 
the argument is throughout deductive, and consists in the ^^^'^jg^^ 
application of those general propositions to particular cases, proceeds de. 
All the general rules of method are obviously applicable. "° ^®^* 
The conclusion to be reached must be constantly kept in 
mind, or there is a likelihood of some other conclusion 
being established and of the fallacy ignoratio elenchi being 
committed (see § 188). And every consideration which bears 
on that conclusion must be examined and its consequences 
deduced from it. 

167. Special Bules. 

It is evident that the successful employment of the statement 
synthetic method depends upon the principles from which ri^^^ 
it starts being indisputable and clearly apprehended, and 
upon the reasonings employed being perfectly demonstrative, 
as well as arranged in natural sequence. These requirements 
are summed up in eight special rules, which are thus given 
by the Port Royalists (op. cit., pp. 346-7) : — 

" Two Rules touching Definitions. (a)^Deflni. 

"Rule L Not to leave any terms at all obscure or 

" equivocal, without defining them. 
^^Rule n. To employ in definitions only terms per- 

" f ectly well known, or already explained. 
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Book VL " Two Rules for Axioms, 

1 — ' '* Bule III. To demand as axioms only things perfectly 

^'^Ixlom.. "evident. 

" Rule IV. To receive as evident that which reqnires 
"only a slight attention to the recognition of its 
" truth. 

" Two Rules for Demonstrations, 

" Rule V. To prove all propositions which are at all 
" obscure, by employing in their proof only the 
"definitions which have preceded, or axioms which 
"have been granted, or propositions which have 
" been already demonstrated. 

" Rule VL Always to avoid the equivocation of terms, 
"by substituting mentally the definitions which 
" restrict and explain their meaning. 

« Two Rules for Method. 

" Rule VII. To treat of things, as far as possible, in 
''their natural order, by commencing with the 
"most general and simple, and explaining every- 
" thing which belongs to the nature of the genus 
" before passing to its particular species. 

" Rule Vm. To divide, as far as possible, every 
" genus into all its species, every whole into all its 
" parts, and every difficulty into all its cases.'' 

Of these rules, those on Definition have been already 

dealt with in an earlier part of our enquiry (see Bk. I , ch. v.), 

and the danger of neglecting them will be made yet more 

fully apparent in the next Book (see § 171). 

In considering the rules relating both to definitions and 

_^. to axioms it is essential to have an exact idea of what is 

tOT^now. meant by knowledge being "clear'' and "evident." This 
cannot be better obtained than by considering some passages 
from Leibniz's classic tract. Reflections touching Knowledge, 
Truth, and Ideas, In this he says : " Knowledge ... is 
" either obscure or clear. The clear is again either confused 
" or distinct ; and the distinct either adequcUe or inadequcUe • 
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"is further either symbolical or intuitive; and if it be at the Book VI. 
" same time both adequate and intuitive, it is perfect, ch^i. 

" A notion is obscure when it is not sufficient to enable (i) obscure, 
" us to recognize the thing which it represents :— when, for 
*^ example, I remember some flower or animal which I have 
" formerly seen, but this remembrance is not sufficient to 
" enable me to recognize its image, or to discriminate it from 
" others which resemble it. . . . 

" Knowledge is clear, on the contrary, when it enables (2) clear, 
"•* us to recognize the thing represented, and this [the clear] 
'^ is again either confused or distinct. 

" It is confused when we are not able to enumerate marks (3) confused, 
'* sufficient to discriminate the thing from others, although 
'*it may, in reality, have such marks and requisites into 
" which its notion may be resolved. Thus ... we see that 
"painters and other artists discern well enough what is 
" weU or ill done ; but often are not able to give a reason 
" for their judgment, and reply to those who enquire what 
" it is that displeases them in the work, that there is some- 
" thing, they know not vohat^ wanting. 

" But a distinct notion is such as the assayers have con- (4) distinct, 
" ceming gold, by marks and tests which are sufficient to 
"distinguish it from all other similar bodies. . . . 

" A distinct knowledge of an indefinable notion is, how- 
"ever, possible when it is primitive or self-evident, — that 
" is, when it is ultimate. Such a notion can only be under- 
" stood ^er «e, and thus wants the requisite of a definition. 
" But in composite notions, inasmuch as the individual (5) inade- 
" component marks are known — sometimes clearly indeed, *^"* ' 
"but nevertheless confusedly — such as weight, colour, 
" [insolubility in] aqua-f ortis, and others, which enter into 
"the notion of gold,— such a knowledge as this of gold, 
" though it be distinct, is nevertheless inadequate. 

" Again, when everything which enters into a distinct (6)adequate, 
'^notion is distinctly known, or when the last analysis is 
"reached, the knowledge is adequatCf of which I scarcely 
"know whether a perfect example can be offered — the 
•* knowledge of numbers, however, approaches near to it. 
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Book VI. <^Bat for the most part, especially in longer analyses, we 
^^ ^^^' " do not behold at a glance the whole natare of the thing, 
CO "^^l*- ** but employ signs instead of things. We commonly omit, 
* " for the sake of expeditioD, any explication of these signs 
*4n present thought, knowing or believing that we have 
*^ snch explication in our power. Thus, when I think of a 
" chiliogon, or a polygon of a thousand equal sides, I do not 
" always expressly consider the nature of a side^ of equality, 
** and of a thousand (or cube of ten) ; but I employ these 
" words — whose meaning is only obscurely and imperfectly 
'* l)erceiyed by the mind at once — ^in place of the ideas which 
*^ I have concerning them, remembering that I possess the 
*^ signification of the words, but do not judge the explication 
''to be necessary just now. Snch knowledge I am accus- 
" tomed to call dark or symbolical^ which is the kind that 
*' we employ in algebra and arithmetic, and indeed in almost 
"everything. For truly, when a notion is very complex, 
" we are not able to think together at once all the notions 
(8)lntiiitiv©. *• which make it up. When, however, we are able wholly, 
" or at least to a great extent, to do this, I call the know- 
" ledge intuitive. Our knowledge of distinct primitive 
" notions is always simply intuitive, while that of composite 
" ones is, for the most part, only symbolical ^ (trans, by Dr. 
Baynes, App. to Port Royal Logic, pp. 424-6). 
Synthesis The rules for definitions and axioms, then, demand that 
from clear, the notions represented by them shall be clear, distinct, and 
^^*/"^ adequate, whilst the fifth and sixth rules demand that we 
knowledge, shall be always ready to make symbolical knowledge intui- 
tive. Axioms, indeed, from their very nature as propositions 
whose truth is self-evident immediately the terms in which 
they are expressed are clearly and distinctly understood, are 
always cases of intuitive knowledge, in the sense in which 
Leibniz uses the word. Their self -evidence, therefore, is 
not something given by sense experience, but is due to the 
clear grasp in thought of the relation expressed. One par- 
ticular and most important case of infringement of the fifth 
rule is the fallacy petitio principH, which will be considered 
in the next Book {see § 187). 
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The seventh and eighth rules are, it will be seen, nothing Book VI. 
but mere definite and specialized statements of the four ^^ ^^^ 
general rules of Descartes. It is, therefore, unnecessary to 
add to the discussion we have already given of them 
(see § 164). 

168. Some Defects of Method. 

We will close our short exposition of the principles of The obvious 
method by noticing some common defects which yet do not be^^mon* 
involve fallacy. One of these is to prove the obvious. " It atrated. 
" is this which led Euclid to prove that the two sides of a 
" triangle are together greater than the thirds although this was 
" evident from the very notion of a right line, which is the 
"shortest possible distance between two points, and the 
*^ natural measure of the distance from one point to another, 
** which it would not be if it were not also the shortest of all 
" lines which could be drawn from one point to another ** 
(^Fort Royal Logic, pp. 338-9). This defect is, certainly, an 
error on the right side ; it is better to prove that which 
requires no proof, than to leave undemonstrated that which is 
not really obvious. But it is an error in method, neverthe- 
less ; it wastes time and energy, obscures the real nature of 
the proposition dealt with, and frequently leads to an inversion 
of natural order. 

Such an inversion, indeed, is a very common defect of The natural 
method, and many examples of it may be found in Euclid. SJ^obi^^^^ 
" After having treated of extension in the first four Books, 
" he treats generally of the proportions of all hinds of magni- 
*• tudes in the Fifth. He returns to extension in the Sixth, 
" and treats of numbers in the Seventh, Eighth, and Ninth, 
" and begins in the Tenth to speak again of extension. So 
" much for the general disorder ; but it is full of a mass of 
" confusion in detail. He commences the First Book by the 
" construction of an equilateral triangle, and, subsequently 
" (twenty-two propositions after), he gives the general means 
" for making any triangle of three given straight lines, pro- 
" vided that two are greater than a single one, which involves 
" the particular construction of an equilateral triangle on a 

W)0. n, J^ 
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Book VI. "given line. ... It would be necessary to transcribe the 
Chj[ii. (( ^IiqIq Qf Enclid, in order to give all the examples which 
" might be found of this confusion " (op, cit, p. 342). 
The vroof Another defect in method is to use a more complex demon- 
Se simplest stratiou when a simpler one is available. As examples of 
poMdUe. <;i,ig the Port Royalists cite the fifth and forty-seventh pro- 
positions of the First Book of Euclid. The simpler and more 
direct the proof in every case, the more satisfactory it is. 
Positive Lastly, it may be pointed out that just as a negative defini- 

aiways pre- tion should never be resorted to when a positive one is pos- 
'^^r ^d ^^^^^f ^ * negative proof is never as satisfactory as a positive 
impouibUe. ODC. The reducHo ad impossibile is necessary in some cases, 
but it simply establishes the conclusion as true in fact, it does 
not furnish any real and positive ground why it is so. The 
Principle of Sufficient Reason is, therefore, not satisfied, and 
knowledge of the essential relations of reality has not been 
increased. Proofs of this kind are most suitable when the 
proposition to be established is a negative corollary from a 
proposition which has been established by a positive proof, 
and " then that kind of demonstration, by reducing them to 
" the impossible, occupies the place rather of an explanation 
" than a new demonstration. We may say, in fine, that these 
" demonstrations are allowable only when we are unable to 
''furnish others, and that it is a fault to employ them in 
*' proving what may be proved positively " {op. ctt, p. 340). 
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FALLACIES. 
CHAPTER L 

FALLACIES IN GENERAL 

169. Nature of Fallacy. BookVII. 

Ch. I. 

The word Fallacy is, like many other words, very loosely ^ — , 
used in the common speech of the present day. Thus, any should be 
false statement is, by some persons, included under the term ; ^^oiJtionsof 
" that men are in the habit of walking on their heads, they logical priu- 
"would say is a very obvious fallacy **' (De Morgan, Formal ^^ ^ 
Logic t p. 238). Others include under it any false belief, or 
any mental confusion whatever, no matter what its origin. 
It seems preferable, however, to use the term in a more 
restricted and definite manner. It is better not to call a 
prejudice or a mere inaccurate statement, a fallacy, but to 
confine the term to offences against logical principles. We 
will, therefore, give as our definition 

A Fallacy is a violation of logical principle disguised Faiuicv=t^ 
under a show of validity. to^^^'prin. 

Wherever there is a logical principle there is a possibility 
of offending against it. There are, thus, fallacies incident 
to conception, including invalid definition and division, to 
judgment, to each valid form of inference, and to method. It 
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Book YIL must be remembered, however, that the difference between 
^ ^^ * these processes is not a fundamental one (cf, § 8) ; the dis- 
tinction is rather between what elements in the process of 
attaining knowledge are explicit and what are implicit in 
each process. We have seen that the essence of inference is 
implicit in judgment, even as judgment is implicit in concep- 
tion, and is involved in definition and classification {cf. §§ 8, 
49, 64). All violations of logical principles, therefore, 
involve faulty inference, either implicitly or explicitly, and 
when those in which this fault is implicit are employed in 
fully stated arguments they lead to further violations of the 
rules of explicit inference. 
A Paralogism The words Paralogism and Sophism are also used to denote 
against the offcuces against logical principles. These were distinguished 
ott^ilmce. ^y Kant on purely psychological grounds. A paralogism, 
according to him, is a fallacy which deceives him who 
employs it, whilst a sophism is one which only deceives 
him to whom it is addressed. But such a distinction 
has no place in logic. If the terms are used at all, it is 
better to confine Paralogism to fallacies in which some 
formal rule of inference is openly violated ; as, e,g.y in 
simple conversion of an A proposition, or in illicit process 
in syllogistic inference. This is in close accord with the use 
of Aristotle, and a^ees with that of De Morgan, who says : 
^^ Paralogism^ by its etymology, is best fitted to specify an 
" offence against the formal rules of inference " (ihid.^ p. 239). 
The word Sophisms were treated by Aristotle as dialectic traps laid 
genei^iy ^7 dishonest reasoners and litigants to catch opponents, 
t ?to d'* and this implication of intentional deceit has clung to the 
ceive. word. But with the intention of the employer of an argu- 

ment logic has nothing to do ; it is the character of the 
argument itself which is of importance. It is, therefore, 
better to confine ourselves to the word Fallacy, which has 
no such subjective and irrelevant suggestion about it. 
AParadoxiB Another word sometimes used as synonymous — or nearly 
gi52?a?d ' so— with Fallacy is Paradox. But this is undesirable. " A 
opiSoB?^** " P(^^^^ is properly something which is contrary to general 
<* opinion : but it is frequently used to signify something 



Digitized 



by Google 



^AttAGIES IN GENERAti. 22d 

" self -contradictory. . . . The modem use of the word im- Book VII. 

" plies disrespect, but it was not so formerly. Thus, in the ^^' ^ ' 

'^sixteenth century the opinion of the earth's motion was 

" styled the paradox of Copernicus by writers who neither 

<* meant praise nor blame, but only reference to the opinion 

** of Copernicus as an unusual one. The more precise writers 

" of our day use the word paradox for an opinion so very 

" singular and improbable, that the holder of it is chargeable 

^' with an undue bias in favour of singularity or improb- 

" ability for its own sake " (De Morgan, ihid,, pp. 338-9). 

The questions which will come up for our examination The doctrin 
in this Book will, of course, not be new ones. In consider- Siarka^off^ 
ing the conditions of valid inference, we have of necessity ^® ^"°*^ 
— in some cases explicitly, and in others by implication— inference, 
dealt with invalid inference, for an invalid inference is 
simply one which does not fulfil those conditions. How- 
ever, a separate treatment of fallacies has been customary 
since the time of Aristotle, and certain technical names 
have become traditional in this part of our subject, which 
could not conveniently be brought in during our positive 
discussion of valid inference. It has, therefore, been judged 
better to adhere to the traditional plan, especially as a con- 
sideration directed mainly to the chief and most common 
kinds of error will serve to make clearer and more definite 
the boundaries of that domain of valid thought which is the 
true province of logic. 

But, even if this be granted, it may be thought that no Violations of 
special treatment of paralogisms — or fallacies which bear ruies^ofki- 
their violation of logical rule on their very face — ^is neces- '«»"enc« are 
sary. Aristotle, indeed, gave no separate consideration to mon. 
this subject, and in this he was followed by the scholastics. 
To them, thoroughly familiar as they were with the rules 
of formal logic, an offence against those rules — except, 
indeed, as a pure accident, such as a mathematician might 
fall into in an arithmetical process — would seem impossible. 
But the condition of things now-a-days is very different, 
and we cannot better express the result on current thought 
than in the words of De Morgan. " We," he says, " live 
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BookYII. "in an age in which formal logic has long been nearly 
^' ^ ' ''banished from education. . . . The philosophers who made 
** the discovery (or what has been allowed to pass for one) 
*' that Bacon invented a new species of logic which was to 
" supersede that of Aristotle, and their followers, have suc- 
" ceeded by false history and falser theory, in driving out 
'^from our system all study of the connexion between 
" thought and language. The growth of inaccurate expres- 
"sion which this has produced gives us swarms of legis- 
'' lators, preachers and teachers of all kinds, who can only 
" deal with their own meaning as bad spellers deal with a 
"hard word, put together letters which give a certain resem- 
'^blance, more or less as the case may be. Hence, what 
**have been aptly called 'the slipshod judgments and 
" crippled arguments which everyday talkers are content to 
"use.' Offences against the laws of syllogism (which are 
. " all laws of common sense) are as common as any species 
" of fallacy : not that they are always offences in the 
"speaker's or writer's mind, but that they frequently 
"originate in his attempt to speak his mind. And the 
" excuse is, that he meant differently from what he said : 
" which is received because no one can throw the first stone 
"at it, but which in the middle ages would have been 
"regarded as a plea of guilty" (ibid., pp. 240-1). 

170. Olassification of Fallacies. 

A scientific ^ thoroughly Satisfactory classification of fallacies is 

tion of faiia- scarcely to be looked for. " There is" says De Morgan, 

tainable"** "°® such thing as a classification of the ways in which 

" men may arrive at an error : it is much to be doubted 

"whether there ever can 6e" (ibid,, p. 237). And, even 

when we limit the word Fallacy to offences against logical 

principles, yet it is often difficult, or even impossible, to 

say in any particular case, which particular rule is broken. 

As is well said by Whately : " From the elliptical form in 

" which all reasoning is usually expressed, and the peculiarly 

"involved and oblique form in which fallacy is for the 

" most part conveyed, it must of course be often a matter 
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'* of doubt, or rather, of arbitrary choice^ not only to which Book VIL 
"genus each kind of Fallacy should be referred, but even ^^^ 
" to which kind to refer any arte individual Fallacy. For, and a parti- 

.... J. • • n J cular fallacy 

" Since, m any argument, one premise is usually suppressed, can often be 
'• it frequently happens, in the case of a Fallacy, that the JJoi^than 
" hearers are left to the alternative of supplying either a one head. 
" premise which is not true^ or ehe^ one which does not prove 
"the conclusion, 6.^., if a man expatiates on the distress of 
" the country, and thence argues that the Government is 
" tyrannical, we must suppose him to assume either that 
"* every distressed country is under a tyranny,* which is a 
" manifest falsehood, or^ merely that * every country which 
"is under a tyranny is distressed,' which, however true, 
"proves nothing, the middle term being undistributed" 
{Elements of Logic ^ pp. 170-1). 

It must not, therefore, be expected that a rigidly scientific 
classification of fallacies can be drawn out. We will now 
briefly describe some of the most noteworthy attempts which 
have been made in addition to that of Bacon, with which 
we have already dealt [see § 145 (iii.)]. 

(i) Aristotle's Olassification. 

Aristotle, as we have already said, only treated separatelv -Aristotie'a 

-,. , J. I ^ *.. Clasaifica- 

of sophisms, or sham arguments whereby an unfair contro- tion— 
versialist endeavoured to refute the reasonings urged against 
him by his opponent. Of these he made two classes : — 

1. Sophismata indictione, or fallacies arising directly out l* ^ophUma,a 
of the ambiguous use of language. Of these he enumerated *** ^^^^^^ 
six species — 

(a) JEquivocatio — due to ambiguity in a single term. 

(b) Amphibolia — due to ambiguity in the construction 

of a sentence. 

(c) Compositio } —due to confusion between the coUec- 
((/) Divisio 3 tive and distributive use of a term, 
(e) Accentus — due to ambiguity of emphasis. 

(j) Figura cfic^fowia— due to ambiguity arising from 
the metaphorical use of words. 
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BooKVn. 2. SopMsmata extra dictionem, or those whose fault can 
^- ^ only be detected by an examination of the matter dealt 
2.8ophismataYfii\i^ Of these Aristotle gave seven kinds — 

extra d%e- 

tumem, ^^^ Acctdens^dne to equating subject and accident, 

i,e,j genus and species, or species and individual 
contained under it. 

(b) Fallacia a dicto secundum quid ad dictum simpliciier 

and its converse — due to confusing a statement 
made with some limitation with one made abso- 
lutely. 

(c) Ignoratio elenchi — or refuting the wrong point 

(d) Consequens— due to simple conversion of a hypo- 

thetical proposition. 

(e) Petitio princtpii — or the assumption without proof 

of a proposition requiring proof. 
(/) Non causa pro causa — or deducing a conclusion from 

premises which do not necessitate it. 
(g) Plures interrogationes^-OT the effort to obtain a 

single answer to several questions asked as one. 

This classification was adhered to by the scholastic logicians^ 
and is still followed by some good writers on the subject. 



Whately'8 
Classifica- 
tion^ 



1. Logical 
Fallacies : 



(a) Purely 
LogicaL 



(6) Semi- 
LogicaL 



* (ii.) Whately's Classification. 

Whately objected to Aristotle's classification as not 
"grounded on any distinct principle " (op. cit, p. 169), and 
himself gave the following arrangement which has been 
frequently followed in English books on logic. 

1. Logical Fallacies — "where the conclusion does not 
follow from the premises " (op. city p. 1 72), including 

(a) Purely Logical, *'as exhibiting their fallaciousness 
"by the bare form of the expression, without 
"any regard to the meaning of the terms." 
Under this head come all obvious violations of 
the syllogistic rules {see § 111^). 

b) Semi-logical Fallacies, " viz., aU the oases of 
"ambiguous middle term except its non-dis- 
1 Firet Edition, § 126. 
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"tribntion.'' This class includes all Aristotle's Book VII. 
Sophisms except the three mentioned under the ^^- ^ 
next head. 

2. Material or Non-logical Fcdlaciea — " where the con- 2. Material 
" clasion does follow from the premises," including ^*^^^®^- 
Ignoratio elenchi^ and Petitio principii, the latter 
including as a sub-class, Non causa pro causa. 

The nomenclature here is due to Whately's nominalistic 
conception of Logic, the sole province of which is, he says, 
" to ascertain the validity or fallaciousness of any apparent 
" argument, as far as the form of expression is concerned " 
{ihid.^ p. 166). All fallacies are * logical* in the sense of 
involving an offence against logical principles; though as 
invalid inferences, they would be more commonly called 
illogical.' The subdivision of 'Logical Fallacies' into 
'Purely Logical' and ' Semi-Logical ' seems to be incapable 
of valid justification, as exactly the same rules of inference 
are violated in each class. From Whately's own standpoint, 
'Non-Logical Fallacies' can have no place in logic at all, 
and consistency would have required their exclusion. 

(iii) MiU's Classification. 

Mill, with his wide view of the scope of Logic, included Mill's Classi 
under fallacies all sources and kinds of intellectual error ; ^^^i^^— 
" A cat-alogue of the varieties of apparent evidence which 
*'are not real evidence," says he, "is an enumeration of 
" Fallacies " (Logicy V., i., § 1). He makes a primary division 1. Paiiaciea 
into Fallacies of Simple Inspection or the a priori assumption J^i^f/on 
of propositions without proof or reasoning of any kind, and 
Fallacies of Inference. The latter class is then subdivided 2. Fallacies 
on the basis of whether the evidence is, or is not, distinctly ^^^^®'e^ce. 
conceived. Li the former case there are Inductive and De- tiv"^ 
ductive Fallacies, and in either of these the fallacy may be ^Vervation 
due either to the assumption of false premises or to the (ii)inGeiie' 
fact that the premises, though true, do not support the con- (&) Deduct ' 
elusion. This gives in Induction, Fallacies of Ohservation ^^v of*cSnfu- 
and Fallacies of Generalization. The assumption of false sion. 
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Book VII. premises, however, in a deductive argnment is reducible to 
^•^ either an inductive fallacy, or an d priori fallacy. Con- 
sequently, we here have only one class — Fallacies of Ratio- 
cination, There are thus left three distinct classes of fallacies 
of inference when the evidence is distinctly conceived. 
Thus, ultimately a five-fold classification is attained : — 

1. Fallacies of Simple Inspection — the improper acceptance 

of propositions as self-evident. 

2. Fallacies of Observation " of which the error lies in not 

" sufficiently ascertaining the facts on which the theory 
" is grounded ; whether the cause of failure be mal- 
'* observation, or simple non-observation, and whether 
" the mal-observation be direct, or by means of inter- 
" mediate marks which do not prove what they are 
"supposed to prove" (ibid., V., ii., § 2). 

3. Fallacies of Generalization — due to misconception of 

"the legitimate mode of drawing conclusions from 
"observation and experiment" (ibid,, V., v., § 1). 
This class of fallacies " is the most extensive of all," 
and an exhaustive classification is "chimerical'' (ibid.), 

4. Fallacies of Ratiocination, or offences against the 

formal rules of inference. Under this head come 
Whately*s * Purely Logical * Fallacies, and the fallacy 
d dicto secundum quid ad dictum simpliciter and its 
converse. 

5. Fallacies of Confusion, *' in which the source of error is 

'' not so much a false estimate of the probative force 
" of known evidence, as an indistinct, indefinite, and 
"fluctuating conception of what the evidence is" 
^ibid., v., vii., § 1). Under this head come Whately's 
* Semi-Logical ' and * Non-Logical ' Fallacies; ».«., all 
fallacies due to ambiguities in language, to begging the 
question, and to missing the point at issue. 

This classification is based rather on a consideration of 
the source of the fallacy than on an examination of its nature. 
It has, however, the merits of fulness and comprehensiveness, 
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and of being based on an intelligible principle, thongh we do Book Vn. 
not think that principle the most convenient one, _!_' 

(iv.) Classification according to Logical Principle 
violated. 

The most convenient classification of fallacies seems to us The most 
to be one based on the logical principle '^vioiSted in each case. 5^^*?* 
We shall thus consider in order fallacies incident to each of *^®^," ^^^^ 
the divisions of logical doctrine which have occupied us in logical prin- 
the preceding^ Books. It -will be found that all the gg^J^"^ 
traditional fallacies will find a place in such a classification, r^j^jg ^j^^g 
Our classification stands as follows : — Fallacies in- 

adentto — 

A. Fallacies incident to Conception. i. conoep- 

tion. 

1. Faulty, or imperfectly conceived, Definition. 

(a) Embracing incompatible attributes. 

(b) Aristotle's JEquivocatio. 

(c) „ Figura dictionis. 

(d) „ a dicto secundum quid ad dictum sim' 

pliciter and its converse. 

(e) „ Compositio and Divisio. 

2. Faulty Division. 

(a) Change offundamentum divisionis. 

(b) Non-exhaustive division. 

(c) Omission of steps in division. 

B. Fallacies incident to Judgment. 2.jiidg- 

1 . Judgment involving self-contradiction. ™^ 

2. Misinterpretation of categorical propositions. 

(a) Aristotle's Amphiholia, 

(b) „ Accentus. 

3. Misinterpretation of hypothetical propositions. 

4. Misinterpretation of disjunctive propositions. 

C. Fallacies incident to Immediate Inference. 3. immedi* 

1. False Opposition, including Aristotle's Flurea inter- enoe.'^'*'^ 
rogationes. 
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4. Deductive 
Inference. 



5. Inductive 
Inference. 



. Method. 
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2. Illicit Conversion. 

(a) Of an A or proposition. 

(b) Aristotle's Accidens, 

(c) „ Consequens, 

3. Illicit Contraposition. 

4. Illicit Inversion. 

D. Fallacies incident to Deductive Inference. 

1. Abstract. 

(a) Undistribnted Middle. 

(6) Illicit Process of the Major. 

(c) Illicit Process of the Minor. 

2. Concrete — Four Terms— including (a) the use of a 

proposition involving any of the fallacies under 
A, 1.(6), (c), (rf), (6),andB,2. 

E. Fallacies incident to Inductive Inference. 

1. False Analogy, leading to wrong hypothesis. 

2. Imperfect Observation. 
B. Illicit Generalization. 

F. Fallacies incident to Method. 

1. Taking as axioms propositions which are not self- 

evident. 

2. Aristotle's Petitio principii, 

3. „ Ignoratio elencki. 

4. „ Non causa pro causa. 
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FALLACIES INCIDENT TO CONCEPTION. 

171. Fanlts in Definition. Book VII. 

Ch. IL 
Any violation of the rules of definition (see § 52^) leads to — 

fallacy through a faulty or imperfect conception of the force due to^^ 

of the terms employed. Thought wanting in clearness and Wguity of 

definiteness is extremely likely to become, at some point bottom, ' 

or other, actually erroneous. All fallacies due to any kind of ^etoition. 

ambiguity in the terms employed are, thus, at bottom faults 

of definition ; once make the meaning of every term employed 

clear and such fallacies become impossible. Under the 

general head of faulty definition we may include several of 

the traditional Aristotelian fallacies, as well as one which is 

specially incident to vague and indefinite conception and 

which we will consider first. 

(L) Ooncept embracing incompatible attributes. 

Whenever the meaning of a term is explicitly and clearly when the 
conceived it is, of coarse, impossible to embrace in it incom- ^"^"J ^ * 
patible attributes. But when one's ideas are not clearly and not made 
definitely set forth, this is by no means impossible. Thus expUd?,*u*^ 
we find people arguing about *an indivisible portion of g**^ ®P; 
matter,' where the attribute * indivisible' is incompatible with com^tibie 
* matter ' which implies extension, and therefore, divisibility. **^*^^"*®®- 
The concept of * indivisible matter ' is, therefore, self-contiu- 
dictory. All the numerous and varied attempts which have 
been made at 'squaring the circle' may be set down to a 
faulty conception of * incommensurable,' a conception which, 
1 First Edition, § 59. 
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Bquivoeaiion 
=u8e of am- 
biguous 
tarm. 



BookYII indeed, embraces the idea of ' oommensnrable in terms of an 
^^^^ indefinitely small unit.' Similarly the word infinite ' seems 
by many people to be held to mean ' finite at a very extended 
limit,' and * eternal' to signify * enduring throughout a very 
long time,' whereas the very notion of time, embracing, as it 
does, the ideas of Jbefore and after, and consequently of 
beginning and end, is incompatible with that of ' eternity,' 
whose true meaning is existence out of time. 

(ii) iEauivocatio or Homonymia. 

By a fallacy of equivocation is meant one due to the use 
of a word capable of two or more meanings. Traced to its 
origin, this implies that the concept corresponding to the 
word is wanting in clearness and accuracy. In other words 
it is a failure in definition. Such failure may, of course, be 
in the mind of him who uses the ambiguous term, or its use 
may be merely a sophistical device, the person who uses the 
term in tiivo different senses trusting that the change of 
meaning may escape detection. When such a word is 
employed in a syllogistic argument, we have really four terms, 
and consequently the syllogism is only an apparent one. 
The ambiguity is generally in the middle term. Of this we 
gave an example in discussing the rules of the syllogism 
Isee § 111 (ii.)^]« ^^ example commonly given by the old 
logicians is—Finis rei est illius perfectio, Mors est finis viUe, 
Ergo, Mors est perfectio vitas. Here, as De Morgan points 
out, the ambiguity may be thrown either on ' finis ' or on 
* perfectio,' giving in the former case ambiguous middle, and 
in the latter ambiguous major. Similarly in 'Knowledge is 
power. Perception is knowledge. Therefore, perception is 
power,' we have an ambiguous use of the term knowledge. In 
such examples as these the error is obvious and, consequently, 
not likely to be committed. But it must be remembered that 
a writer on fallacies is bound to choose some, at least, of his 
examples of such a character that every reader will see at once 
where the fallacy comes in. Moreover, when an argument 
is, as it were, reduced to its lowest terms, and stated in strict 
syllogistic form, it is easy to see an error, which might well 
> Firat Edition, § 126 (ii.). 
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escape -detection if it occnrred in a long and more or less Book VII. 

involved disquisition, with the premises, perhaps, far apart ^^li^* 

Fallacies due to ambiguity of words are, indeed, amongst 

those most commonly committed. As Bacon well says : 

" Men believe that their reason rules over words ; but it is 

"also the case that words react, and in-their turn use their 

" influence on the intellect " (Nov. Ch^g,, I. 59). 

The chief ways in which such ambiguity originates were Gradual 
indicated in § 3,^ and it was there seen that one of the chief meting 
sources of ambiguity is that a word which has changed its ^^f^^^ 
meaning still retains some of the associations which were 
connected with its original meaning. De Morgan gives 
some good examples, one or two of which we will borrow. 
*^ The word publication has gradually changed its meaning, 
" except in the courts of law. It stood for communication to 
^^ others without reference to the mode of communication, 
" or the number of recipients. Gradually, as printing be- 
" came the easiest and most usual mode of publication, and 
" consequently the one most frequently resorted to, the word 
" acquired its modern meaning ; if we say a man publishes 
^' his travels, we mean that he writes and prints a book 
" descriptive of them. I suspect that many persons have 
" come within the danger of the law, by not knowing that 
'' to write a letter which contains defamation, and to send it 
** to another person to read, is publishing a libel; that is, by 
" imagining that they were safe from the consequences of 
" publishing, as long as they did not print. ... A similar 
"change has taken place in the meaning of the word to 
" utteTf the sense of which is to give out, but which now 
" means usually to give out of the mouth in words. As yet 
*^ I am not aware that any person charged with the utterance 
" of counterfeit coin has pleaded that no one ever uttered 
'* coin except the princess in the fairy tale : but there is no 
"saying to what we may come, with good example, and 
" under high authority ** {Formal Logic, p. 243). Confusion 
between the etymological and the currently accepted mean- 
ing of a word is, indeed, always liable to lead to fallacy. 
Xn truth, in a discussion as to the meaning of a word, an 
^ FirBt Edition, § 7. 
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BookVIL 
Ch.II. 

Clear terms 
are essential 
to scientific 
thought. 



Examples of 

ambiguous 

terms— 



1. 'Money.' 



2. 'Govern- 
ment.' 



appeal to etymology is out of court ; onrrent nsage alone 
can decide the question. 

In considering the question of a scientific nomenclature 
and terminology, we pointed out how important for exact 
thought is an exact system of verbal symbols {see §§ 64, 65^). 
The moral sciences have no such well-established and exact 
system of technical terms, and it follows that in those 
sciences fallacies due to ambiguity are most easily fallen 
into. Especially is this the case with Economics. Mill gives 
a good example of such a fallacy which, in fact, has been 
and still is by no means infrequently committed. He says : 
" The mercantile public are frequently led into this fallacy 
" by the phrase, * scarcity of money.' In the language of 
" commerce * money ' has two meanings : currency ^ or the 
*' circulating medium ; and capital seeking investment^ especi- 
" ally investment on loan. In this last sense the word is 
" used when the * money market ' is spoken of, and when the 
" * value of money ' is said to be high or low, the rate of 
" interest being meant. The consequence of this ambiguity 
** is, that as soon as scarcity of money in the latter of these 
" senses begins to be felt — as soon as there is difficulty of 
" obtaining loans, and the rate of interest is high — it is con- 
*' eluded that this must arise from causes acting upon the 
'^ quantity of money in the other and more popular sense ; 
"that the circulating medium must have diminished in 
^^ quantity, or ought to be increased. I am aware that, inde- 
" pendently of the double meaning of the term, there are in 
" the facts themselves some peculiarities, giving an apparent 
" support to this error ; but the ambiguity of the language 
" stands on the very threshold of the subject, and intercepts 
" all attempts to throw light upon it " (Logic, V., vii., § 1). 

Another ambiguous word is ' government,' which is used 
both to denote the system of laws established in a nation, 
and the body of men charged with the carrying out of those 
laws. Loyalty to the government in the former sense may 
involve resistance to the government in the latter sense, 
though a tyranny would not be willing to acknowledge this, 
and would trade on the ambiguity of the word, trusting that 
^ First Edition, §§ 71, 72. 
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the ignominy which may rightly accrne to resistance to law Book VIL 
will attach to resistance to the men whose mal-administra- ^^^ 
tion of the law may have become intolerable. 

* Nature ' is another fertile source of fallacy. What, for in- . « Nature.* 
stance, is * education according to nature ' ? With Comenius 
it meant seeking to base educational method on fanciful 
analogies drawn from the physical world, as, for instance, 
when he argues that because the sun does not occupy him- 
self with objects one by one — a tree or an animal — but illu- 
mines and warms the whole earth, therefore, there should be 
only one teacher for each class (^see Laurie's Comeniusy p. 104). 
With Rousseau the same phrase meant a return as far 
as possible to the condition of uncivilized man, ^oature' 
being regarded as the condition from which man starts. 
The same idea is present in the excuse so often given for 
childish faults that they are * natural.' On the other hand, 
Plato and all modern idealists would seek man's true nature 
in the ideal towards which all civilization can only be re- 
garded as a slow progress, and with them ' education accord- 
ing to nature ' means guiding the child in the path of this 
development in the order and to the extent to which a study 
of psychology shows to be possible. 

One frequent cause of the fallacy of equivocation is when Equivoca- 
a writer or speaker uses a word in a definite and perhaps due to want 
special meaning without taking steps to secure that it is ^tt* wo^ 
understood in that meaning. " It is very difficult," says la ^^^^ 
De Morgan, " to avoid this form of the fallacy, without SeSe? 
*' giving the meaning of the most essential terms, on the first 
'^ occasions of their occurrence. It is not uncommon to meet 
" with a writer who appears to believe, at least who certainly 
'* acts upon, the notion that the right over words resides in 
" him, and that others are wrong as far as they differ from 
" him. . . . The writers of whom I speak . . . treat words 
« as absolute images of things by right of the letters which 
*' spell them. ' The French,' said the sailor, * call a cabbage 
" a shoe ; the fools I why can't they call it a cabbage, when 
« they must know it is one ?' " (%bid,y pp. 246-7). 
This last example leads us to notice that all puns are 
LOG. II. 16 
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Book VII. 

Ch. II. 

Puns are ex- 
amples of 
equivocatio. 



The fallacy 
may arise 
from neglect 
of context. 



Figure qf 
Speech is a 
form of am 
biguity, 



logically instances of this fallacy. Lamb in the tlssays of 
Elia qaotes the following from Swift's Miscellanies : " An 
'' Oxford scholar meeting a porter who was carrying a hare 
" through the streets, accosts him with this extraordinary 
" question : * Prithee, friend, is that thine own hare or a 
" wig ? ' " Similarly, the proof that every cat has three tails, 
because no cat has two tails and every cat has one more tail 
than no cat, turns on ambiguity of terms. 

It is probably impossible to enumerate all possible sources 
of ambiguity, and the reader will readily suggest many 
others to himself. We will here only notice one more in 
which the ambiguity is rather in a phrase than in the sepa- 
rate words of that phrase. Words when united frequently 
have together a compound meaning which a mere union of 
their separate meanings will not give. That is to say, the 
force of a word depends partly on the context in which it 
occurs. Thus, " a person undertakes to cross a bridge in an 
** incredibly short time ; and redeems his pledge by crossing 
*' the bridge as one would cross a street, that is, by traversing 
" the breadth. Now, though it is true that, in general, to 
" cross is to go over the breadth, or shorter dimension, yet 
" in the case before us, the phrase is elliptical and signifies 
"crossing the river upon the bridge. Nor can it be said 
<Hhat this common meaning is incorrect; that which is 
" common and well known is, in language, always correct " 
{ihid,, p. 246). 

(ill.) Figura Dictionis. 

The Fallacia Figures Dictionis or Fallacy of Figure 
of Speech denoted with Aristotle sophisms which might 
arise from supposing words similar in form to be similar 
in meaning; e,g,y that poeta is of the feminine gender 
because most Latin words with the same termination are 
so. The following invalid argument from Mill's Utili- 
tarianism seems to fall under this head. " The only proof 
"capable of being given that an object is visible, is that 
"people actually see it. The only proof that a sound is 
"audible, is that people hear it. . • . In like manner, I 
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" apprehend, the sole evidence it is possible to produce that Book VII. 
"anything is desirable, is that people do actually desire Oh^i. 
" it.'' Here Mill assumes that the meaning of ^ desirable ' is 
analogous to that of * visible ' and * audible.' But * visible ' 
simply means * able to be seen/ and ' audible ' * able to be 
heard.' But ' desirable ' does not mean ' what can be desired' 
but * what should be desired ' {cf, Mackenzie, Manual of 
Ethics^ pp. 98-9). The fallacy has been extended to cover 
other perversions of grammar, as in the traditional example : 
^ What a man walks on he tramples on. This man walks on the 
whole day. Therefore, he tramples on the whole day.' This, 
it will be seen is only another source of ambiguity in words, 
and the fallacy does not differ in essence from equivocatio. 
The most important cases under this head are those in and arises 
which error arises from the use of paronyms or conjugate the^ufe of 
words, as different parts of speech derived from the same ^|^^™°"* 
root.. As Dr. Davis points out, '' These have by no means 
" similar meanings, e.g,, * Artist, artisan, artful ' ; ' Pity and 
" pitiful ' ; * Presume and presumption ' ; * Project and pro- 
" jector ' ; What is * imaginary ' is unreal, but an * image ' 
"formed of wood or stone is real; To * apprehend' is to 
" lay hold on, or to come to a knowledge of, while ' appre- 
"*hension' often signifies fear or dread" {Theoi^y of 
Thought, p. 270). 

Mill instances " the popular error that strong drink must 
" be a cause of strength*^ as an example of this fallacy, and 
one which involves the further fallacy of supposing that 
an effect must be like its cause — using the words in their 
popular sense. People who fall into this error should, as 
Dr. Davis suggests, try strong poison ; which is, perhaps, 
exactly what many ardent teetotalers would say they are 
really doing. This fallacy, like the last, is an offence against 
the rules of definition, and when employed in syllogistic 
argument gives rise to the fallacy of four terms. 

(iv.) A dicto simpliciter ad dictum secundum auid. 
A dicto secondam auid ad dictum simpliciter. 
These fallacies are converses of each other, and their 
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Book VII. essence is the confusion of an absolute statement with one 
Ch^L limited or qualified in some way pertinent to the matter in 
A dicto,, . hand. Id other words, the essence of the fallacy is a failure 
confuses the to definitely determine the force of our terms, ».«., it is a 
fi^ited^usM ^*^^^cy ^^ nominal definition [c/. § 53 (i.)^]. The old standard 
of a term, example of the first is : ' What you bought yesterday you 
ate to-day, You bought raw meat yesterday, Therefore, you 
ate raw meat to-day,' where the fallacy lies in not making 
clear that the ' rawness ' is not regarded in the major 
premise as a relevant circumstance, and then assuming it 
to be relevant in the conclusion. On this example De 
Morgan remarks : " This piece of meat has remained un- 
^' cooked, as fresh as ever, a prodigious time. It was raw 
" when Beisch mentioned it in the Margarita Philosophica 
" in 1496 ; and Dr. Whately found it in just the same state 
" in 1826 " (o^. cit, p. 251). An example of the converse 
form is : ' Everything which is harmful should be forbidden, 
Wine is harmful, Therefore, its use should be prohibited,' 
where the conclusion omits the tacitly understood, but very 
relevant, condition in the given minor premise of immoderate 
use. In each case it will be seen on examination that the 
apparent syllogism contains four terms ; either the middle 
being ambiguous or illicit process being committed, 
luference Under the same head must be included arguments which 
special cose illicitly conclude from a statement qualified in one way to 
spoclaf case* ^^® qualified in another way. These may be called fallacia 
is an ex- a dicto secundum quid ad dictum secundum alterum quid, 
tiSs faUacy. -^.n example would be to conclude from the assertion — 
whether true or not — that to take life in sport is cruel, 
therefore, to eat flesh from which life has been taken by 
others is to show a cruel disposition. This is to infer from 
one special case to another special case differing from it in 
circumstances distinctly relevant to the question of inten- 
tion, which is the point under discussion. '* All the fallacies 
" which attempt the substitution of a thing in one form for 
" the same thing (as it is called) in another, belong to this 
'* head : such as that of the man who claimed to have 
*^ had one knife twenty years, giving it sometimes a new 
1 First Edition, § 60 (i.). 
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** handle, and sometimes a new blade" (De Morgan, op, cit., Book VII. 

c%ec\\ Cn. II. 

p. 252). 

An amusing example of arguing a dicto simpliciter ad 
dictum secundum quid is contained in the following story 
told by Boccaccio in the Decanuron : A servant who was 
roasting a stork for his master was prevailed upon by his 
sweetheart to cut off a leg for her to eat. When the bird 
came upon the table, the master desired to know what had 
become of the other leg. The man answered that storks 
never had more than one leg. The master, very angry, but 
determined to strike his servant dumb before he punished 
him, took him next day into the fields where they saw some 
storks, standing each on one leg, as storks do. The servant 
turned triumphantly to his master ; on which the latter 
shouted, and the birds put down their other legs and flew 
away. " Ah, sir," said the servant, " you did not shout to 
** the stork at dinner yesterday : if you had done so, he 
"would have shown his other leg too." 

More serious instances of the same fallacy are found in The fallacy 
applications of abstract general rules to particular concrete ted^when 
cases without taking account of any modifying ciroum- J^f®^^. 
stances that may exist. Errors of this character are easily plied to a 
fallen into in the application of general rules of either ^h nVc^- 
social or individual life to special cases. Hence arise many sideration of 

.,1 A' r 1 • t .. r«, modifying 

Wild assertions on economic and social questions. The circum- 
argument, for instance, that because employment of labour ^*^^®^ 
is beneficial to the community, therefore, unemployed 
workmen may wisely be set to do work of an entirely use- 
less character, merely to find them employment, is an 
example of reasoning a dicto secundum quid ad dictum sim- 
pliciter, as it omits in the conclusion the relevant condition 
without which the given premise is false, viz., that the work 
must be productive of some utility. So too, the application 
of the ' common sense of our ancestors ' embodied in 
proverbs is very liable to involve the fallacy of arguing 
a dicto simpliciter ad dictum secundum quid, * What man 
has done man may do ' we are told for our encouragement ; 
but it scarcely seems to follow that each one of us is capable 
of becoming a Shakespeare or a Newton. 
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Book VII. De Morgan points out that '* the law, in criminal cases, 

Ch^L "demands a degree of accuracy in the statement of the 

In legal ^^ secundum quid which many people think is absurd '* 

wamdMm (op. cit., p. 252). He then gives two instances which he 

Se^veS^ex- ^i^^^usses at length. In the first, a man tried for stealing a 

acUy stated, ham was acquitted on the ground that what was proved 

against him was that he had stolen a piece of a ham. In 

the second, a man was committed for perjury * in the year 

1846 ' and the judge admitted the objection that it ought 

to have been *in the year of our Lord 1846.* De Morgan 

argues — and it seems to us conclusively — that in the latter 

case the secundum quid is unessential, for ** as things stand, 

" there is no imaginable difference : for there is only one 

"era from which we reckon" {ihid,, p. 254). But in the 

former case the difference between the two descriptions is 

material. For suppose that the two descriptions were put 

before two different persons. " One is told that a man has 

^' stolen a ham ; another that he has stolen a part of a ham. 

" The fii'st will think he has robbed a provision warehouse, 

" and is a deliberate thief : the second may suppose that he 

*' has pilfered from a cook-shop, possibly from hunger. As 

'^things stand, the two descriptions may suggest different 

'' amounts of criminality and different motives " (ihid,^ 

p. 253). 

(v.) Gompositio and Divisio. 

CompoHtion The fallacies of Composition and Division are converses of 

Se due'to'" ©ach other, and are most conveniently considered together. 

betwSn^he '^^^ ©rror consists in joining together things which ought to 

distributive be kept separate, or separating those which ought to be 

Sstive use kept Conjoined. In other words, there is confusion between 

of terms. a collective and a universal term [cf. § 27 (ii.)^]. To take 

Aristotle's example : " Two and three are even and odd ; 

" Two and three are five ; Therefore, five is even and odd " ; 

which commits the fallacy of composition. Similarly, three 

and five are (together) four and four (together) ; but neither 

three nor five is four ; and such an inference would be 

^ First Edition, § 33 (ii.). 
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vitiated by the fallacy of division. Such examples are Book VII. 

obvions, but they do not differ in essence from the argument ^^' ^^' 

given by Mill in support of utilitarianism. He says : " No 

'* reason can be given why the general happiness is desirable 

" except that each person, as far as he believes it to be at- 

" tainable, desires his own happiness. This, however, being 

" a fact, we have not only all the proof which the case ad- 

'^ mits of, but all which it is possible to require, that happi^ 

" ness is a good : that each person's happiness is a good to 

'^ that person, and the general happiness, therefore, a good 

" to the aggregate of all persons " (Utilitarianism^ p. 53). It 

would be difficult, as Professor Mackenzie says, " to collect 

'* in so short a space so many fallacies as are here committed '' 

(see Manual of Ethics^ 3rd. ed,, p. 219). There is a fallacy of. 

equivocation in the use of the ambiguous word * desirable,' 

used by Mill in two different senses. But it is with the last 

part of the argument that we are here concerned. It is 

an obvious example of the fallacy of composition. Put 

symbolically it is >l desires the happiness of A, B that of B, 

C that of C, etc., therefore A desires the happiness otA+B-{'C, 

so does B, and so does 0, which is about equivalent to arguing 

in mathematics that ax-\-hy+cz:={a-\-b+c)(x-\-y-\-z). 

The converse fallacy of division seems to lurk in many of 
the arguments brought forward in support of an encyclopedic 
curriculum for all schools. That a knowledge of this, and that, 
and the other subject is necessary to the community, there- 
fore, all those subjects should be taught to each member of 
that community, is the line of reasoning frequently adopted, 
as, for example by Mr. Herbert Spencer in the First Chapter 
of his book on Education, 

The most common form of the fallacy may be reduced to The fallacy 
an implicit confusion between a disjunctive and a copulative Joives^con- 
proposition. Thus, the spendthrift, falling into the fallacy ^^°J ^®- 
of composition, argues *I can afford a or b or c or , , , z, juncUveand 
therefore, I can afford a and b and c and . . . zJ On the JrS^tio^ 
other hand the converse fallacy of division is often found 
lurking in the argument by which a miserly person refuses 
to subscribe to any charitable object. ' I cannot afford to 
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Book YIL subscribe to a and b and c and . . . z, therefore I cannot afford 

Ch^i. ^ subscribe io a or b or o or ,,, z.* 

The ambi- The ambiguity of the word ' all ' is a frequent occasion for 

Si^Sentif this fallacy [c/. § 27 (il)]. As De Morgan says : " It must 

^^to this « Ijq remembered that the word all, in a proposition, is not 

" necessarily significant of a universal proposition : it may 

^* be a part of the description of the subject. Thus, in * all 

" the peers are a House of Parliament,' we do not use the 

" words all the peers in the same sense as when we say * all 

"the peers derive their titles from the Crown.' In the 

" second case the subject of the proposition is peer ; and the 

" term all is distributive, synonymous with each and every. 

'' In the first case the subject is all the peers, and the term 

"aZZ is collective, no more distinguishing one peer from 

"another than one of John's fingers is distinguished from 

aimlUriy ^ " another in the phrase * John is a man.' The same remarks 

with 'some, .t^j^y y^ made ou the word some; as in 'some peers are 

" dukes,' and ' some peers are the committee of privileges ' " 

(ibid:y p. 248). It is obvious that this fallacy also formally 

leads to there being four terms in any apparent syllogism in 

which it occurs. 

172. Faults in Division. 
The viola- A violation of any of the fundamental rules of division 

rule of divi- iuvolves fallacy {see § 55^). Corresponding to each rule there 
sion in- ig the fallacy involved in its violation. We may thus enume- 
laey. rate three classes of fallacy of division, viz. : — 

(L) Changing the fundamentum divisionis, 
(ii.) Omitting part of the genus to be divided. 
(iii.) In a continued division, not proceeding by proxi- 
mate steps. 

These faults have been sufficiently discussed and illustrated 
in our positive treatment of the rules of definition^ to which 
we need here only refer {see § 65^). 

* ^irbt Edition, § 63, 
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CHAPTER IIT. 

FALLACIES INCIDENT TO JUDGMENT. 

173. Judgment involving Self-contradiction. Book Vll. 

The fallacies incident to judgment are not essentially — * 
different from those incident to conception, as, indeed, might bmt™5e*^ 
be anticipated from the fundamental identity of mental pro- tween pre- 

-, 1 . .1 . o i. 11 1 1l J- /> r r,\ i- dicate and 

cess underlying the two forms of thought (c/. § 8). In a subject is 

clearly apprehended judgment there can, of course, be no ^en'ihe 
incompatibility between predicate and subject. But when terms are 
the force of the judgment is not clearly apprehended such appre- 
incompatibility is by no means impossible. The careless use ^®^^®^ 
of language, which is so common nowadays, makes this par- 
ticularly easy. Especially dangerous is the habit of making 
universal assertions when there is only justification in fact 
for particular ones. We may thus have such self-destructive 
assertions as that ' Every rule has an exception.* This state- 
ment, being itself a rule, contradicts itself. Thus we may 
put it syllogistically : ^ Every rale has exceptions, This state- 
ment is a rule. Therefore, this statement has exceptions, i.6., 
Some rules have no exceptions ' ; when the contradiction 
implicit in the major premise is made explicit. Similar 
considerations solve the old logical puzzle involved in 
'Epimenides the Cretan says that all Cretans are always 
liars ; therefore Epimenides can only speak the truth if he 
lies, and lies if he speaks the truth.' Here also the major is 
self -contradictory, for every judgment claims to be true, and 
this proposition at the same time asserts its own falsity. 
Quite similar is the scientific conundrum as to what would 
happen if an irresistible force were to impinge on an immov* 
able body, where two incompatible conditions vltq assumed 
^o be simultaneously operative, 
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BookVII. 174. Misinterpretation of Categorical Propositions. 
J_ * Even when the meaning of each individual word in a 
sentence is clearly apprehended, there is still a possibility of 
misunderstanding the statement as a whole, owing to some 
ambiguity of construction or of interpretation. This, of 
course, results from the dependence of terms upon the con- 
text for their full meaning. The two chief cases were 
noticed by Aristotle. 



Amphibolia^ 
ambiguity 
of construC' 
tion. 



Amphiboly 
arises from 
careless 
sequence of 
words. 



(i.) AmpMboUa. 

The Fallacia AmphiboUcB originates in ambiguity due to 
the construction of a sentence. It is in essence a misinter- 
pretation of a proposition. It does not, therefore, differ 
fundamentally from fallacies of ambiguous terms, for an 
ambiguous term employed in a proposition necessarily leads 
to that proposition also being ambiguous. However, in 
amphiboly the ambiguity lies in the general structure of the 
proposition rather than in the terms it contains. Latin with 
its construction of accusative with infinitive in indirect 
narration lent itself very readily to this form of ambi- 
guity. Thus, the oracle given to Pyrrhus : " Aio te, -^acida, 
** Romanos vincere posse " — " Pyrrhus the Bomans shall, I 
•*say, subdue"— left it entirely in doubt on which side 
victory was to lie. This is very similar, as Shakespeare makes 
the Duke of York point out, to the witch's prophecy in 
Henry VL— "The Duke yet lives that Henry shall depose." 
(Second Fart, Act i., so. 4). Open in the same way to 
double interpretation is the line in W. R. Spencer's poem 
Gelert : " The noble hound the wolf hath slain.** The walls 
of Windsor Castle still bear the ambiguous sentence ^ Hoc 
fecit Wykeham," whose capability of a double reading is 
said to have averted the King's displeasure from the bishop, 
who, like a true courtier, explained it as meaning that the 
tower made him. 

One has not far to seek to find numerous instances of 
amphiboly in modern English, generally due to want of pre- 
cision in the order in which the words are arranged, a point 
of great importance in an analytic language. A few ezamplea 
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may be given : * Locke was an unquestioned man of genius'; BookVII. 
* Please to receive a ticket from the attendant torn from the ^^ ^^^' 
book * ; * An exhibition of drawings by lady amateurs well 
worthy of inspection'; 'Wolsey left at his death many 
buildings which he had begun in an unfinished state.' The 
newspapers often furnish a happy hunting-ground for the 
logician in search of examples of this fallacy. We will 
cull a few flowers of rhetoric of this order — * There is an 
odd little story of Madame Hading drifting about New 
Tork'; 'Lost, a valuable silk umbrella belonging to a 
gentleman with a curiously carved head ' ; * A piano for sale 
by a lady about to cross the Channel in an oak case with 
carved legs ' ; ' Wanted, a handsome Shetland pony for a 
child with a long mane and tail' ; *M. J. S. was charged 
with breaking two panes of glass at the house of her hus- 
band from whom she has been recently separated in the ^ 
Cambridge Road ' ; * Mr. Disraeli delivered a rambling and 
disjointed string of jocosities and abstractions, by no means 
equal to his last Irish speech which rather wearied the 
House'; 'Lord Salisbury will reply to Mr. Gladstone's 
recent Birmingham speech at the Guildhall.'^ 

A subtle form of amphiboly, and one not uncommon in Ambiguity 
controversial writings is instanced by De Morgan : " Equi- SlJ^*^k. 
" vocation may be used in the form of a proposition ; as for ^^^ ^^ 
*^ instance, in throwing what ought to be an affirmative into in the form 
" the form of a qualified negative, with the view of making ^^^^^^ 
" the negative form produce an impression* Thus a contro- 
*' versial writer will assert that his opponent has not attempted 
** to touch a certain point, except by the absurd assertion, 
"etc., etc., etc. To which the other party might justly 
" reply : ' Tour own words show that I have made the 
** attempt, though your phrase has a tendency, perhaps in- 
" tended, to make your reader think that there is none, or at 
*- least to blind him to the difference between none and none 
" that you approve of* " (ibid,, p. 247). 

^ The reader will find a copious selection of amusing examples in 
Mr. Salmon's little book on School Composition, from which many 
of those quoted in the text have been borrowed. 
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^i^^- (U.) AccentuB. 

Aeemtiu^' The Fallacia Accentus or ProsodicB was, with Aristotle, 
SaeSwss. ^^® *^ *^® ^*<5* *^^* i^ Greek the same word, differently 
accentuated had a different meaning. In the earlier times 
Greek writing was devoid of accents and breathings, and 
hence written words were sometimes ambiguous which when 
spoken were not so. Aristotle consequently remarks that 
this ambiguity can scarcely occur in speech. But with us 
the fallacy may be committed by means of false stress either 
in speech or in writing. Thus, as De Morgan points out, 
the commandment, 'Thou shalt nob bear false witness 
n gainst thy neighbour,' may be read " either so as to convey 
"the opposite of a prohibition, or to suggest that subor- 
" nation is not forbidden, or that anything false except 
** evidence is permitted, or that it may be given /or him, or 
" that it is only against neighbours that false witness may 
" not be borne " (ibid.j p. 249). Other ways in which this 
fallacy may be fallen into are thus summed up by the same 
writer : '* A statement of what was said with the suppres- 
" sion of such tone as was meant to accompany it, is the 
^\fallacia accentus. Gesture and manner often make the 
" difference between irony and sarcasm, and ordinary asser- 
*' tion. A person who quotes another, omitting anything 
** which serves to show the animus of the meaning ; or one 
" who without notice puts any word of the author he cites 
*' in italics, so as to alter its emphasis ; or one who attempts 
" to heighten his own assertions, so as to make them imply 
" more than he would openly say, by italics, or notes of ex- 
" clamation, or otherwise, is guilty of the fallacia accentus, . . . 
" I may here observe that irony ... is generally accompanied 
"by ih^ fallacia accentus; perhaps cannot be assumed with- 
'* out it. A writer disclaims attempting a certain task as 
" above his powers, or doubts about deciding a proposition 
**as beyond his knowledge. A self-sufficient opponent is 
'' very effective in assuring him that his diffidence is highly 
"commendable, and fully justified by the circumstances ** 
{ibid,, pp. 249-50). 



Digitized 



by Google 



FALLACIES INCIDENT TO JUDGMENT. 253 

175. Misinterpretation of Hypothetical Propositions. Book VII 
The characteristic fallacy of misinterpretation of a hypo- *_ ' 

thetical proposition is to assume that the protasis contains frfg^fJo™*^ 
the causa es8end\ and not simply the causa cognoscendi of regarding 
the apodosis. As has been already pointed out, the latter as stSSngT 
maybe a mere sign of the former or may actually be its <^^"*«"**'»<'^ 
effect {see § 144). To thus misread a hypothetical proposi- 
tion is, therefore, to conceive a relation as holding in reality 
which does not hold at all. Of course, the protasis may 
actually enunciate the causa essendi, and in many cases does 
so ; that, indeed, is the character of the ideal judgment of 
science. But it is also true that in many cases it is not so, 
and the identity of form in the two cases opens the way to 
error, 

176. Misinterpretation of Disjunctive Propositions. 

Fallacy may arise in dealing with a disjunctive judgment Fallacy may 
from assuming that it fulfils the conditions of ideal perfec- al^if„fw\i 
tion, i.e., that the alternative predicates are an exhaustive disjunctive 
enumeration of co-ordinate and mutually exclusive species to^ontain^ 
falling under the subject-genus. Many disjunctive propo- co-OTdina\e 
sitions are far from fulfilling these conditions. Particularly and mutu- * 
must we avoid interpreting the alternatives as formally sive Stema- 
exclusive of each other {cf. § 79^). To argue that because **^®^' 
all individual progress implies either moral or intellectual 
advance, therefore, if one advances morally one cannot 
advance intellectually, would be an example of fallacy trace- 
able to this source. The characteristic fault of vicious di- 
lemmas is, on the other hand, the undue assumption that the 
alternatives given exhaust all possible cases [cf. § 133 (iii.)^]. 
This is really at bottom a case of false opposition, and will 
be further considered in the next chapter. The misinter- 
pretation of a disjunctive proposition which is to be used as 
the basis of a calculation of probability will obviously lead to 
the results being altogether inaccurate, and in this case the 
co-ordinate value of the alternatives is of equal importance 
with their exhaustiveness and exclusiveness (cf, § 157). 
1 First Edition, § 89. ^ pirgt Edition, § 149 (iiL). 
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CHAPTER IV. 

FALLACIES INCIDENT TO IMMEDIATE INFERENCE. 

BooKVn. 177. False Opposition. 

Ch. IV. 

— Any of the inferences based on the opposition of proposi- 

be com-™*^ tions discussed in § 97^ may be wrongly performed, and we 
each form of *'^®^ ^*^® * fallacy of Opposition. Thus, for example, to 
opposition infer the falsity of the subaltern from that of its subaltemans, 
or the truth of the subaltemans from that of its subaltern 
would be such a fallacy. But the most dangerous and fre- 
quently committed fallacies of opposition are those con- 
nected with contradiction. The contrary may be confused 
with the contradictory. It is easy to state a number of 
alternatives and assume that they are all that are possible. 
As was noted in the last chapter, one form of misinterpreta- 
tion of a disjunctive proposition is due to thus assuming 
that the alternatives given exhaust the possibilities. Under 
this head may be brought the last of Aristotle's fallacies in 
dictioney viz., that of Many Questions. 

Plures Interrogationes. 

PiurtB inter- The Fallocia Plurium Interrogationum or Fallacy of Many 

attempfc^to" Questions^ is the attempt to get a single answer to several 

obtain a questions asked in one, as in the old example : * Have you left 

answer to off beating your father V Other examples would be * Where 

qi^^ns. ^^^ yo^ ^^^® *^® goods you stole last night ?' * Have you 

cast your horns V This last is a traditional example, and 

from it the fallacy is sometimes called the Cornutus, The 

whole is to-day quite frivolous, and the only justification for 

noting it as a separate class of sophism was that the com- 

1 First Edition, § 109 
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mon method of disputation amongst the Greeks was a pro- Book VII. 
cedare by question and answer. The essential nature of the ^^tUf' 
fallacy is false opposition, due to the wrong application of 
the principle of Excluded Middle. The usual examples take 
the form ' Is it x or y ?' and assume that it must be either 
X or y \ that there is no other alternative. Thus the first 
example omits the alternative ' You never did beat your 
father/ and assumes that the only possible alternatives are 
* You still beat your father * and * You used to beat him but 
do so no longer.' 

178. Illicit Conversion. 

(i.) Abstract. 

To so convert a proposition that a term is used universally Illicit con. 
in the converse which was only used particularly in the con- poSiWe^ 
vertend is a fallacy not infrequently committed. This is ^*^ -^ ^^ 
only possible with A and categorical propositions, and ticSs!^" 
with the hypothetical forms which correspond to them. When 
the fallacy is committed openly it may be called abstract; 
when it is hidden by the language it may be said to be con- 
crete. The former have been already discussed with sufficient 
fulness [see §§ 102 (ii.), 105^]. Under the latter head come 
two of Aristotle's fallacice extra dictionem, viz., Accidena^ 
where the illicit conversion is that of an A categorical pro- 
position, and Consequem, where it is of a universal hypo- 
thetical. 

(IL) Accidens. 

The Fallacia Accidentia arises when a predication which The fallacy 
can be correctly made of any subject is made of all the ?n^fvM^* 
' accidents * of that subject. But by * accident * is here "^pi® con- 
meant, not what is denoted by that name in Porphyry's ^^" ^'^ ^^ 
Scheme of Predicables (see §§ 34, 382), but, any subordinate 
part of a general notion. Thus, every species and individual 
is an accident of its genus, in this sense of the term. The 
fundamental invalidity in such inferences is the simple con- 
version of an A proposition, whence the correct conversion 
of that form of proposition is said to be per accidens [see 

1 Piwt Edition, §§ 115 (ii.), 119. « First Edition, §§ 41, 46. 
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Book VTI. § 102 (ii.) (a)^], Thns, to take an example given by Aristotle t 
^'^^' "Every triangle has its three angles equal to two right 
** angles ; every triangle is a figure ; therefore, every figure 
" has its three angles equal to two right angles." Here we 
have a spurious syllogism in Darapti with illicit process of 
the minor term. But if the minor premise were simply 
converted the formal argument would be a correct syllogism 
in Barbara^ though with a false minor premise. The error 
is obvious. " Yet,*' says Grote, " Aristotle intimates that a 
"scieutific geometer of his day, in argument with an un- 
" scientific opponent, would admit the conclusion to be well 
" proved, not knowing how to point out where the fallacy lay : 
" he would, if asked, grant the premises necessary for con- 
" structiug such a syllogism ; and, even if not asked, would 
'* suppose that he had already granted them, or that they 
" ought to be granted,*' which, as Grote remarks, " affords 
"us a curious insight into the intellectual grasp of the 
"scientific men contemporary with Aristotle" (Aristotle, 
p. 391). Under this head should come a form of fallacy 
which is classed by De Morgan under the head of oequivocatio. 
^ To call you an animal is to speak truth, to call you an ass 
is to call you an animal ; therefore, to call you an ass is to 
speak truth.' 

Many logicians have failed to understand the nature of 
this fallacy, and have regarded it as but another name for 
the Fallacia a dicto simpliciter ad dictum secundum quid 
(cf, De Morgan, op, cit, pp. 250-1 ; Jevons, Elem, Less, in 
Logic, p. 176). 

(ill) Gonsequens. 

The fallacy The Fallacia consequentis was intended by Aristotle to 
hiyluT""^ denote simply the formal error of inferring the truth of the 
either illicit antecedent from that of the consequent, or the falsity of the 
or illicit In- consequent from that of the antecedent [cf, § 131 (ii.)^. In 
hyStoeticai *^® former case the error involved is that of invalid conver- 
proposition. gion ; in the latter case we have an instance of illicit inver- 
sion (cf, § 180). Like other fallacies, the invalidity is often 
hidden by the length and complexity of the argument in 
I First Edition, § 115 (ii.) (a). » First Edition, §. 147 (ii.). 
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which it occurs. The most dangeroas form of it is, an- BookYII. 
doubtedly, the assumption that a conclusion is necessarily ^b^. 
wrong because it is supported by invalid arguments, or, con- 
versely, that the arguments urged in supporb of a proposition 
accepted as true must necessarily be cogent. In both these 
cases personal bias and prejudice have abundant scope to 
come into operation. When a conclusion is deduced from 
an invalid argument, we are only justified in saying that such 
a conclusion is not proven, not that it is disproved. In any 
case, it must be remembered, a proposition can only be 
disproved by a cogent argument establishing its con- 
tradictory. 

179. Illicit Contraposition. 

Contraposition is illicit when the conclusion contains a DUcit con- 
distributed term which was undistributed in the premise. ^^iJ^mi- 
As contraposition involves both obversion and conversion, it 2* oonver- 
will be found that the invalidity is always in the latter 
process. Thus, a fallacy of contraposition is only possible 
when the given premise is an E or I proposition or a 
hypothetical proposition of corresponding form \cf, §§ 102 
(iii.) ; 1061]. 

180. Illicit lETersion. 

To infer from Every 8 is P that No S is P or from No 8 is P Hiidt inver- 
that Every 1 is P would be to commit the fallacy of illicit an unjustt- 
inversion [c/. §§ 102 (iv.) ; lOS*]. Thus, to argue that ^cSSdT" 
* Thought is existence, therefore, what contains no element sion. 
of thought is non-existent* or that *A bad man must 
be miserable because happiness is the result of well-doing* 
is to commit this fallacy. Similarly to assume that because 
the proposition Jf 8 is M it is P ib established, therefore, we 
are justified in assuming that If 8 is not M it is not P would 
be to commit this fallacy. Inductive enquiry is somewhat 
liable to this error. The sufficiency of a positive condition 
to secure a given result must not, however, be held to demon- 
strate that the result could be attained in no other way. 
1 First Edition, §§ 116 (iii.), 119. 

LOO. n. * First Edition, S§ 115 (iv.), 119. 17 
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Book Vn. Becaose a certain flower is fertilized wben it is visited by 
^^ ^^' insects, it does not follow that it could not be fertilized if 
no insects came near it. Whether it is so or not must be 
settled by a special enquiry conducted under conditions 
which exclude the positive agent already known to be suffi- 
cient to secure the result. 
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CHAPTER V. 

FALLACIES INCIDENT TO DEDUCTIVE INFERENCE, 

181. Abstract Fallacies. BookVIL 

Ch V 

Violation of any of the fundamental rules of syllogisma _J_ ' 
may be either open, or hidden by the ambiguities of language, f^^^^^ 
In the former case we have abstract syllogistic fallacies, and fallacies— 
in the latter case concrete syllogistic fallacies. The former ^'^J^®^'^' 
we have already dealt with in connexion with our consider- Middle, 
ation of the rules of syllogism (see § 111^.) They take one 'Major, 
of the three forms— "'Mkior- 

(i.) Undistributed Middle, 
(ii.) Illicit Process of the Major Term, 
(iii.) Illicit Process of the Minor Term. 

It is sufficient here to add to what was there said that are all redu- 
these are all at bottom instances of the most general syllo- ^^^ '^^' 
gistic fallacy of four terms. To have an undistributed middle 
is formally equivalent to having two distinct middle terms, 
for there is no assurance that the reference is in both cases 
to the same part of the denotation of that term, and we 
cannot, therefore, assume in any case that it is so. Similarly, 
if illicit process, either of the major or of the minor term, is 
committed, we have again four terms in the apparent 
syllogism, for the extreme term which is illicitly distributed 
in the conclusion is different in its reference from the cor- 
responding extreme term contained in the premises. In 
every case of syllogistic fallacy, therefore, the apparent 
syllogism is really a * logical quadruped.' 
^ First Edition, § 125. 
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Book VII. 182. Concrete Fallacies. 

Ch. V. 

Not difPerent in the nltimate form of 



Ambiguous 
language 
leads to 
fallacies of 
four terms. 



the error are the 
concrete syllogistic fallacies, though in them the fallacy is 
veiled by the use of ambiguous laoguage. But where these 
ambiguities have been pierced through, the fallacy in every 
case stands revealed as an instance of four terms. All the 
cases of fallacy due to ambiguities of language which we 
have already considered in chapters ii. and iii. of hd present 
Book lead to such syllogistic fallacy when the propositions 
containing them are used in syllogistic argument. As we 
mentioned in § 111^, the ambiguity is most frequently found 
in the middle term, though this is not always the case. The 
fallacy of composition or division, for instance, is generally 
based on a confusion between the collective and distributive 
use of the minor term. It is unnecessary to dwell further 
on this class of fallacies, as they have already been fully 
discussed, 

^ First Edition, § 125. 
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CHAPTER VL 

FALLACIES INCIDENT TO INDUCTIVE INFERENCE. 

183. Imperfect Observation. "^ c^h^^^^' 

As all inductive inference starts from concrete phenomena i^^J^^ jg 
as the basis of every hypothesis, and continually returns to basei on 
concrete phenomena as the test of accuracy, it is evident ^ ^^''^ ^°' 
that its validity depends directly upon the correctness and 
perfection of the observations of reality upon which it is 
based. But the discussion in Book Y., cb. v., made it and observa- 
abundantly manifest that observation of given phenomena to error, 
is a process of extreme difficulty and delicacy, and, con- 
sequently, one in which it is very easy to go wrong. The 
conditions which must be fulfilled by a perfect observation 
were set forth in § 153, and some of the most prominent 
sources of error were there mentioned. We will now, how- 
ever, consider more fully and systematically the main kinds 
of error to which observation is liable. Error which is due 
to mere personal idiosyncrasy or to carelessness, we are, of 
course, not concerned with. Logic only considers those 
sources of error to which observers in general are subject. 

In the first place, then, as Mill points out, "a fallacy of Fallacies of 
" misobservation may be either negative or positive ; either are of two 
" Non-observation or Mal-observation. It is non- observation ^^^^~~ 
"when all the error consists in overlooking, or neglecting, serration. 
" facts or particulars which ought to have been observed, ^'g^j^ition 
*'It is mal-observation when something is not simply un- 
" seen, but seen wrong ; when the fact or phenomenon, 
** instead of being recognized for what it is in reality, is 
" mistaken for something else" (LogiCf V., iv., § 1]. It will 
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Book VII. be mofit convenient to consider these two classes of im- 
^•^'^ perfect observation in succession. 

(i.) Non-observation. 
NoH'ObMtrva' It was pointed out in § 153 (i.) that all observation im- 
to tikea^^ plies selection and isolation of phenomena. In making this 
count of selection it is evidently easy to overlook or to neglect either 
conditions instances or conditions which are pertinent to the matter 
tte^rosuiL^^ in hand. The former case would be most likely to happen 
in the earliest stage of inductive enquiry, when by simple 
enumeration of instances an attempt is made to determine 
exactly what is the character of the phenomena to be 
explained. The latter would be most easily committed at 
a later stage of the process, when an analysis of phenomena 
has been entered on for the purpose of testing and moulding 
a hypothesis. 
Neglect of (a) Neglect of Instances, Probably the most fertile source 
frequently ^^ ^^^ error of passing over instances pertinent to the sub- 
due to bias, ject in hand is bias. We have a natural tendency to dwell 
upon instances which make for the theory we would like 
to see established, or which we have hitherto held, and to 
treat as of no importance those which make against it, or 
even to neglect to consider them at all. A striking example 
of this is mentioned by Mill : ** The opponents of Copernicus 
" argued that the earth did not move, because if it did, a 
*' stone let fall from the top of a high tower would not 
" reach the ground at the foot of the tower, but at a little 
"distance from it, in a contrary direction to the earth's 
" course ; in the same manner (said they) as, if a ball is let 
" drop from the mast-head while the ship is in full sail, it 
*^ does not fall exactly at the foot of the mast, but nearer 
" to the stem of the vessel. The Copernicans would have 
" silenced these objectors at once if they had tried dropping 
** a ball from the mast-head, since they would have found 
" that it does fall exactly at the foot, as the theory requires : 
" but no ; they admitted the spurious fact and struggled 
"vainly to make out a difference between the two cases*' 
{%bid.j v., iv., § 3). This influence of bias is not surprising 
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when it is remembered how largely observation involves Book VII. 
implicit inference and is guided by previous knowledge. * 

A very common form in which non-observation of instances Positiye in- 
appears is when attention is directed to positive instances, frequently 
whilst negative instances are neglected. This originates in andnlgative 
a kind of natural tendency of the mind to be impressed by ones neg- 
any occurrence and to omit to notice non-occurrence. To this 
is due many superstitions which take the general form of 
attributing causal connexion to what is merely casual coin- 
cidence. For instance, the belief in the prophetic character 
of dreams is based upon taking note of the few cases in 
which a dream bears some resemblance to succeeding or 
simultaneous events, and passing over entirely those in- 
finitely more numerous cases in which the dream is not 
* fulfilled.' The theory of proWbility would prepare us to 
expect some such coincidences — especially as a small degree 
of resemblance is always liberally interpreted — and that 
without any necessary connexion. " In former generations," 
remarks Dr. Fowler, " * coincidences * of this kind were 
"regarded not simply as * curious' and * remarkable/ but 
'* as proofs of some causal connexion between the events. 
" To talk of a person was supposed to render his presence 
" more likely ; a verified prediction was regarded as evidence 
" of second-sight ; and a comet which was observed to be 
*^ followed by a war was supposed to be, if not the cause of 
^ the war, at least a messenger sent from Heaven to pro- 
" claim its approach " (Ind. Log., p. 256). 

Many instances of non-observation of facts are to be 
found in the history of science. Some remarkable ones 
have been already given in a passage quoted from Whewell 
in § 150 (i.) (see p. 85 supra). 

The most extreme case of non>observation is the invalid 
inference that because a phenomenon has never been observed 
it is necessarily non-existent. This we have already dealt 
with Isee § 153 (i.)]. 

(b) Neglect of Operative Conditions. In § 153 (iii.) it was 
shown that in every examination of concrete reality a 
residue of unanalysed elements remains, and that this opens a 
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Ch.VI. 
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possibility of leaving out of consideration some element which 
is an essential part of the phenomena we are investigating. 
The whole intention of all inductive methods is to eliminate 
those elements, and those elements only, which are not opera- 
tive in respect to the aspect of reality under examination. 
In a science still so largely in the empirical stage as medicine, 
this fallacy is still not unknown and was formerly extremely 
common. Take as an instance Kenelm Digby's sympathetic 
powder which in the seventeenth century attracted consider- 
able attention even from scientific men. '* The sympathetic 
"powder was that which cured by anointing the weapon 
" with its salve instead of the wound. I have long been 
" convinced that it was efficacious. The directions were to 
<< keep the wound clean and cool, and to take care of diet, 
" rubbing the salve on the knife or sword. If we remember 
" the dreadful notions upon drugs which prevailed, both as 
" to quantity and quality, we shall readily see that any way 
" of not dressing the wound would have been useful " (De 
Morgan, Budget of Paradoxes, p. 66). Those who attributed 
the cure to the powder committed the error of overlooking 
the essential circumstance that nature was left to her own 
devices under favourable conditions for effecting a cure. 

Owing to the complexity of the phenomena, all inductions 
connected with social and economic subjects are particularly 
liable to this form of fallacy. An increase in the number 
of convictions for any particular crime must not bo taken 
as a necessary proof of an increase in that particular form 
of criminality ; it may be due to greater vigilance on the 
part of the police. An excellent example, given by Mill, 
is the following : " Take, for instance, the common notion, 
'' so plausible at the first glance, of the encouragement given 
"to industry by lavish expenditure. A, who spends his 
" whole income, and even his capital, in expensive living, 
"is supposed to give great employment to labour. B, who 
"lives on a small portion, and invests the remainder in the 
"funds, is thought to give little or no employment. For 
" everybody sees the gains which are made by A's trades- 
"men, servants, and others, while his money is spending. 
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"B*8 savings, on the contrary, pass into the hands of the Book VII. 

** person whose stock he purchased, who with it pays a debt ^ 

**he owed to some banker, who lends it again to some 

** merchant or manufacturer ; and the capital being laid otit 

"in hiring spinners and weavers, or carriers and the creWs 

"of merchant vessels, not only gives immediate employ- 

"ment to at least as much industry as A employs during 

"the whole of his career, but, coming back with increase 

"by the sale of the goods which have been manufactured 

"or imported, forms a fund for the employment of the 

"same and perhaps a greater quantity of labour in per- 

*'petnity. But the observer does not see, and therefore 

" does not consider what becomes of B's money ; he does 

"see what is done with A's: he observes the amount of 

" industry which A's profusion feeds ; he observes not the 

"far greater quantity which it prevents from being fed; 

" and thence the prejudice, universal to the time of Adam 

" Smith, that prodigality encourages industry, and parsimony 

" is a discouragement to it " (op. cit., V., iv., § 4). 

(ii) Mal-Observation. 

By mal-observation is meant the wrong interpretation of Mai-observa- 
sense impressions. It has been pointed out several times iti interpreta- 
the coarse of the present work that all observation involvefs Sj'^j^o^® 
implicit inference, or the interpretation of what is received 
through the senses by referring it to some part of the know- 
ledge previously possessed. When this reference is wrongly 
performed, we have a case of mal-observation. The rustic 
who takes a tombstone brightened by the rays of the moon 
for a ghost, or who interprets a donkey's bray as the voice of 
a departed ancestor, falls into the fallacy we are now con- 
sidering. All conjurers* tricks appeal to the innate facility 
with which mankind observes badly. It is, however, never 
the senses that are wrong ; the sensuous impression as 
received is just what it should be under the circumstances ; 
in the meaning given to that impression the error will 
always be found to lurk. One of the most striking ex- 
amples of mal-observation was the universal acceptance of 
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Book y II. the Ptolemaio solar system for many centuries. As Mill 

CiuVi. remarks, " People fancied they saw the sun rise and set, the 

** stars revolve in circles round the pole. We now know that 

** thoy saw no guch thing ; what they really saw was a set of 

** appearances equally reconcilable with the theory they held 

"and with a totally different one" (op, cit.y V., iv., § 5). 

All iiludons Sometimes we find ourselves practically unable to interpret 

maiSbser^' our sense impressions rightly, and we are then said to labour 

vation. under an illusion. " To give one or two . . • examples of 

"the kind of illusion which the senses practise on us or 

" rather which we practise on ourselves, by a misinterpreta- 

" tion of their evidence : the moon at its rising and setting 

" appears much larger than when high up in the sky. This 

" is, however, a mere erroneous judgment ; for when we 

" come to measure its diameter, so far from finding our con- 

" elusion borne out by fact, we actually find it to measure 

" materially less. Here is eyesight opposed to eyesight, with 

*' the advantage of deliberate measurement. In ventriloquism 

" we have the hearing at variance with all the other senses, 

** and especially with the sight, which is sometimes contra- 

*' dieted by it in a very extraordinary and surprising manner, 

" as when the voice is made to seem to issue from an inani- 

" mate and motionless object. If we plunge our hands, one 

*' into ice-cold water, and the other into water as hot as can 

"be borne, and after letting them stay awhile, suddenly 

." transfer them both to a vessel full of water at blood-heat, 

"the one will feel a sensation of heat, the other of cold. 

" And if we .cross the two first fingers of one hand, and place 

"a pea in the fork between -them, moving and rolling it 

" about on a table, we shall (especially if we close our eyes) 

" be fully persuaded we have two peas. If the nose be held 

" while we are eating cinnamon, we shall perceive no differ- 

"ence between its flavour and that of a deal shaving" 

(Herschel, Nat Phil, § 72). 

Logicalruies Dangerous as this fallacy is. Logic can neither give special 

guard rules for avoiding it, nor determine when it has been com- 

fS^*nJ^ mitted. The latter point is decided by further advance in 

detect it. that particular branch of knowledge. On the former the 
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only rule that can be given is the very general one that every Book VII. 
observer should equip himself with as mnch definite know- ^^'^^ 
ledge of the subject under investigation and cognate subjects 
as he possibly can. 

184. False Analogy. 

As hypotheses are suggested by analogy, it follows that if False ana- 
the analogy appealed to is a false one, the hypothesis will be ^|J S^to 
wrong and the enquiry will be started on a false scent. This v^roug hypo- 
IS continually happening in scientific enquiries ; further ex- 
amination of phenomena constantly leads to modification or 
rejection of the hypothesis [cf. § 150, (i.)]. In the former 
case the analogy on which the hypothesis was based was 
partly, and in the latter case wholly, erroneous. 

When an analogy leads to a hypothesis which is after- when the 
wards found to be only partially true, and, therefore, to need JJSSk)gy is^ 
modification, it is because the force of the analogy has been ^^°*fy , 
wrongly estimated. The analogy is really present, and thehypothe- 
really suggests a hypothesis of this general character. But ^^^S^^ 
the points of identity have been allowed too much weight 
relatively to the points of difference with which they are 
bound up [cf. § 149 (iii.)]> and, as a consequence, the hypo- 
thesis is found to bieak down in detailed application. Here, 
it will be seen, we have really a fallacy of non-observation 
of conditions as the foundation of our false analogy 
[c/§183(i.),(6)]. 

One special case of false estimation of the force of an One case of 
analogy is when the exact point of the analogy is missed, th^^int^o? 
In this case, points of identity which are important relatively t^® IS^S^ 
to one purpose are made the basis of an analogy directed to 
another purpose. The importance of points of identity we 
have already seen to be relative to purpose [see § 149 (ii.)]- 
To apply to one end an analogy which holds for another end 
may, therefore, yield a hypothesis which may be of any 
degree of inaccuracy — partial or total — according to the re- 
moteness of the two purposes from each other. The argu- 
ment, humorously put into the mouth of Socrates by Plato 
in the Republic^ '* that if justice consists in keeping property 
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BookYII. **8afe, the jast man mnst be a kind of thief ; for the same 

Oh^l. « j^jj^ ^f g^ju which enables a man to defend property, will also 

" enable him to steal it " (Mackenzie, Manual of Ethics, p. 19), 

is an instance of this species of false analogy. The identity 

in skill is not important in reference to the question under 

consideration. For *' justice is not a kind of skill, but a 

"kind of activity. The just man is not merely one who 

" can, but one who does^ keep property safe. Now, though 

** the capacity of preserving property may be identical with 

"the capacity of appropriating it, the act of preserving 

" is certainly very different from the act of appropriating " 

{ihid.y 

To assume To mistake the exact bearing of an analogy may, then, lead 

where none to as much error as to assume the existence of an analogy 

toentidy* "^^^^^ i^ioxiQ exists ; in fact, utter mistake of the bearing of 

wrong hypo- an analogy will probably give rise to the application of it to 

cases on which it has no real bearing. The use of meta- 

Metaphori- phorical language is a frequent source of such errors ; in 

frequently those cases the false analogy may be said to be based on, and 

^Z^^ to grow out of, a fallacy of Figure of Speech [c/. § 171 (iii.)]. 

analogy. Thus, for instance, the speaking of a * mother-country ' in 

relation to colonies may lead to the inference that the rela- 

Examples— tions of a colony to the * mother-country' are identical with 

^* countey' t^^^se of children to their mother, and hence to inferences as 

and to the duty of colonists to the * mother-country ' of a very 

erroneous character. For the points of identity in the two 

relations are not fundamentally important in this connexion, 

whilst the points of difference are. The relations of natural 

affection, early dependence, and constant association, which 

are operative to the fullest extent in the family, are operative, 

either not at all or only to a very small extent, in the relation 

between the old country and its colonies ; and moreover, the 

right of the colony to pursue its own self -development may 

cause a conflict of interests with which there is no analogy 

in the case of the family. 

2- ^"*^*** A similar instance of false analogy due to metaphorical 

polls. language is when the growth of the metropolis is condemned 

because it is called the < heart' or the 'head' of the body. 
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As abnormal increase of these members points to disease in BookYII. 
the natural body it is held that analogous diseases will follow ^h^i. 
in the body politic if the capital of the country becomes very 
large. Thus Smollett in Humphry Clinker says of London : 
" The capital is become an overgrown monster ; which, like 
•* a dropsical head, will in time leave the body and extremi- 
" ties without nourishment and support. . . . What wonder 
** that our villages are depopulated, and our farms in want of 
" day-labourers ?" Now, the abnormal influx of labour into 
the great towns from the country is, undoubtedly, a social 
eyil of considerable magnitude. But the growth of the 
towns is the effect of this influx, not its cause, and the conse- 
quent evils are not essentially analogous to " leaving the body 
" and extremities without nourishment and support." 

Arguments of this character were common amongst the s. Pilot and 
Greeks, who attached undue importance to words and the governor, 
analogies they suggest. That the governor of a state is like 
a pilot, for instance, is true in some points of not first-rate 
importance; but that his functions are unlike those of a 
pilot in many other points which are of great importance is 
also true. 

A very common false analogy is that between a community 4. Commu- 
and an individual. As the latter goes through successive ^S^ual. 
periods of growth, maturity, and decay, so the hypothesis is 
formed that every nation must do the same, and it is assumed 
that after a longer or shorter period of vigour and prosperity 
the nation must gradually lose its place in the world. 
The disastrous consequences of such a theory upon the 
energy of the nation in general and its leaders in particular 
are obvious and can scarcely be exaggerated. And history 
lends some colour to the theory in recounting the rise and 
fall of great empires. But examination of the circumstances 
tends to show that such decay is not a necessary consequence 
of the continued life of the state ; it occurs at the end of 
periods more or less protracted, and may in every instance be v 

explained by conditions independent of the mere duration of 
the community as an organized state. But in the case of the 
individual organism, senile decay i^ a direct result of the 
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Book YII. constitntion of the body, which is snoh that after a certain 
Ch^i. interval, decay exceeds recuperation and at last necessarily 
ends in death. The fall of great empires is more analogous 
with death from disease than with death from old age. 
Hence, there is no reason to regard snch decay of power and 
prosperity as the necessary end of a lengthened existence. 
The falseness of the analogy is well shown in the following 
passage from Burke's Letters on a Megidde Pecuse : *^ I am not 
** quite of the mind of those speculators who seem assured 
"tiiat necessarily, and by the constitution of things, all 
"states have the same periods of infancy, manhood, and 
" decrepitude, that are found in the individuals who compose 
^ them. Parallels of this sort rather furnish similitudes to 
<* illustrate or to adorn, than supply analogies from whence 
" to reason. The objects which are attempted to be forced 
'* into an analogy are not found in the same classes of exist- 
"ence. Individuals are physical beings, subject to laws 
" universal and invariable. The immediate cause acting in 
^* these laws may be obscure : the general results are subjects 
^^ of certain calculation. But commonwealths are not physical 
'^but moral essences. They are artificial combinations, and, 
*^ in their proximate efficient cause, the arbitrary productions 
" of the human mind. We are not yet acquainted with the 
" laws which necessarily influence the stability of that kind 
"of work made by that kind of agent ** (WorkSf voL viii., 
pp. 78-9). 
It is a fallacy A common fallacy of analogy is to regard an analogy as a 
anafo^as proof. But, as was shown in § 149, the conclusion of an 
fumtehing argument from analogy can only be problematic, and the 
true function of such an argument is to suggest hypotheses 
and lines of enquiry. 

185. niicit Generalization. 

All indue- As generalization is throughout involved in induction, all 
hm an ^ the fallacies discussed in this chapter have about them an 
SSSt^en' element of illicit generalization. When this is made explicit, 
Mon. and a general statement is made for which there is not suffi- 
cient evidence, we have a fallacy which is primarily one of 
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generalization. No fallacies are more common than this. Book YII. 
The human mind is naturally disposed to generalize its ^^' ^^' 
experience in a very rash manner. This tendency is promi- Explicit 
nent in the case of children, and, on the other hand, caution ^eneraiiza- 
in making general assertions is one of the distinctive marks common^^'^ 
of the exact thinker. But the majority of people are not 
exact thinkers, and hence, as De Morgan says : " In our day 
'^ nothing is more common than to hear and read assertions 
" made in all the form, and intended to have all the power, 
*' of nniversals, of which nothing can be said except that most 
'^ of the cases are true. If a contradiction be asserted and 
*' proved by an instance, the answer is *OhI that is an extreme and *ex- 
^^case* But the assertion had been made of all cases. It are°fr^^* 
" turns out that it was meant only for ordinary cases ; why ff^"^ 
^'it was not so stated must be referred to one of three 
" causes ; — a mind which wants the habit of precision which 
** formal logic has a tendency to foster, a desire to give more 
" strength to a conclusion than honestly belongs to it, or a 
** fallacy intended to have its chance of reception. The 
" application of the extreme case is very often the only test by 
^ " which an ambiguous assumption can be dealt with. . . • 
** Where anything is asserted which is true with exceptions, 
** there is often great difficulty in forcing the assertor to 
" attempt to lay down a canon by which to distinguish the 
" rule from the exception. Everything depends upon it : 
"for the question will always be whether the example 
" belongs to the rule or the exception. When one case is 
" brought forward which is certainly an exception, the assertor 
"will, in nine cases out of ten, refuse to see why it is 
" brought forward. He will treat it as a fallacious argument 
** against the rule, instead of admitting that it is a good 
"reason why he should define the method of distinguishing 
« the exceptions : he will virtually, and perhaps absolutely, 
" demand that all which is certainly exception shaJl be kept 
" back, simply that he may be able to assume that there is no 
"occasion to acknowledge the difficulty of the uncertain 
"cases" (Formal Logic, pp. 270-1). As was pointed out in 
§ 154 (I), the very essence of the process of establishing a 
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Book VII. nDiversal proposition is to exactly define its limits by a care- 
^^^- fnl examination of negative instances, and by so moulding 
its expression that it shall hold true without exception. No 
proposition against which a single exception can be brought 
is really universal, and to assert it in universal form is the 
fundamental essence of the fallacy of generalization. '* A 
** rule may have exceptions, it is said ; but this is hardly a 
"correct statement. A rule with exceptions is no rule, 
^' unless the exceptions be definite and determinable : in 
" which case the exceptions are exclusions by another rule" 
(De Morgan, ibid., p. 279). 

Generalizations are of two degrees of strength and vali- 
dity, and there are tendencies to error peculiar to each. We 
will briefly glance at these in order. 

(i.) Empirical Generalizations. 

itisiUicitto The fundamental error in connexion with empirical gene- 
^^^i^(^ ralization is to regard such a description of experience as a 
generaiiza-^ universal and necessary law. An empirical generalization 
yersal law. can, at the best, never attain more than a high degree of 
probability ; it can never be certain [see § 160 (ii.)]* One 
instance in which this tendency to elevate a statement of 
unexplained regularity of occurrence into a necessary law is 
operative is the assumption of the necessary character of 
the averages which are found to be so strikingly constant in 
many social phenomena. With this we have already dealt 
[see § 160 (ii.)]. In every case when the generalization is 
merely empirical, only a partial analysis of the given pheno- 
mena has been made. Thus this class of fallacy is very 
closely connected with that of imperfect observation 
(cf. § 183). An empirical generalization is usually based 
upon some striking feature common to the cases examined. 
Thia fallacy Hence, it is emphatically the fallacy incident to induction by 
incSSaito simple enumeration. Take an example quoted by Mill which 
Sducti***^^ is still, it may be suspected, by no means uncommon : " One 
" poor person in a thousand educated, while the nine hundred 
** and ninety-nine remain uneducated, has usually aimed at 
'* raising himself out of his class, therefore education makes 
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" people dissatisfied with the condition of a labourer " (Logic Book VII. 
^'i v., § 4). Here the invalid generalization is obviously due to ^^^^* 
the neglect to notice that it is not education b}' itself but 
the exceptional education of one individual, whilst the many 
remain ignorant, which is the cause of the dissatisfaction 
noticed, and that, consequently, when education becomes 
general, it ceases to thus distinguish a labourer from his 
fellows, and the cause of the discontent, therefore, dis- 
appears. 

An empirical generalization, we have seen, can only be FaUacy is 
extended with any confidence to closely analogous cases. wiSn empi- 
Thus, to extend such a generalization founded upon a survey 5^°^}^®" aj^ 
of the social condition of any one country at any particular extende i to 
time to other times and other peoples — especially if these conStUma. 
latter are in a different stage of civilization — is to commit 
the fallacy of illicit empirical generalization. Owing to the 
complexity of social phenomena, most social generalizations 
are empirical ; thus, in this domain of knowledge the liability 
to fall into this particular fallacy is specially great. 

As one class of fallacies of this character Dr. Fowler Undue re- 
mentions undue respect for authority. The infiuence on the authority is 
opinion of the multitude of expressed judgments of well- JiS'c^Ims?' 
known people on certain questions is well known to adver- 
tisers of quack medicines, promoters of public companies, 
and those generally who wish to attract public confidence to 
the goods they have to sell. The form of the argument in- 
volved would seem to be, that A is a man whose opinion on 
many subjects is of weight, therefore, his judgment is of 
weight on all subjects. " We have to learn," says Dr. Fowler, 
" not only that men are to be trusted exclusively within the 
" limits of their own experience, in their own profession or 
" pursuit, but that even within those limits their authority 
'* is apt to become tyrannical and irrational unless it is con- 
'* stantly confronted with facts and subjected to the criticism 
" of others" (Ind. Log., p. 292). Similar remarks apply to 
an excessive regard for the authority of great writers. A 
striking example of this fallacy is found in the intellectual 
idolatry with which the schoolmen regarded Aristotle. 
Loa. II. 18 
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Book YII. One very common form of the fallacy we are now con- 
^^^^' gidering is that known by the scholastics as Post (or Cum) 
It Is a fallacy ^oc, ergo propter hoc. Because two events have been fre- 
that inwi- quently, or even invariably, conjoined in experience, either 
nexi^"^ successively or simultaneously, to assume a causal con- 
proves nexion between them is a characteristic fallacy of enume- 
causa on. pj^^^yg induction. Such conjunction, of course, gives a pro- 
bability that there are some constant essential conditions, 
and this probability increases with the scope of the experience 
[see § 157 (ii.) (cQ]. But only a thorough analysis of the 
conditions gives us a right to assert causal connexion. 

(ii) Laws of Nature. 

nudtgene- True laws are established when the exact conditions 

SJrste^e*' ®^ ^ phenomenon are exhaustively and definitely known 

to inade- [gee § 160 (i.)]. In the ascertainment of these conditions, as 

^of c^(U- became apparent in our previous discussion, error may be 

^^^' committed either by not arriving at an accu rate determination 

of conditions which are the ground of a phenomenon, or by 

not correctly determining to what cases of concrete reality 

the law is applicable [«e6 § 160 (i.)]. Of this latter fallacy 

the most common examples are probably to be found in the 

consideration of cases where the operation of the law is 

It is afallacy frustrated by counteracting conditions. Especially is this 

counten^ liable to occur in the consideration of social questions. In 

ing causes, illustration we will quote a passage from Sir G. C. Lewis : 

"It is to be borne in mind that, in estimating negative 

"instances, due allowance must be made for the occasional 

^^frustration of causes, . . . For example : it might be argued, 

" from the occurrence of several cases in which the absence 

" of high import duties and of commercial restrictions was 

" accompanied with abundance and cheapness of commodi- 

" ties, that the former was the cause of the latter. Certain 

" instances might then occur, in which the former existed 

" without the latter ; but each of these exceptional cases 

" might be accounted for, by showing that there was a 

" special circumstance, such as a deficient supply, or inter- 

" ruption of intercourse by war or blockade, which partially 
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" obstmcted, and for a time suspended, the operation of the Book VII. 

" former cause. Again : it might be showo, by the evidence Ch^i. 

** of facts, that the operation of a new law had been gene- 

" rally beneficial, with the exception of certain districts, 

" where its enforcement had been prevented or retarded by 

** certain peculiar and accidental circumstances. Exceptions 

" of this kind, which admit of an adequate special explana- 

** tion, serve rather to confirm the general inference than to 

*^ weaken it ; inasmuch as they raise the presumption that, 

" but for the partial obstruction to the cause, it would have 

" operated in these as in the other instances where no ob- 

" structions existed " (Methods of Observation and Reasoning 

in Politics^ vol. L, p. 386). 

In such cases we have, of course, an inadequate analysis 
of the conditions of the case to which we propose to apply 
the general law. And so, generally, all illicit statement of 
law, and all wrong application of law, resolve themselves 
into inadequate analysis of the Given. The statement of the The fallacy 
law is erroneous when the conditions given include either JJ^JmSdra 
more or less than just those essential conditions which are or wrongful* 
the ground of the phenomenon [see § 160 (i.)]. Thus, if we elemeute.' ^ 
take one out of a number of related conditions as the total 
cause, our general law will be wroug, as its statement will 
embrace instances which do not really come under it. For 
example, to state that the boiliug-point of a liquid depends 
only on the temperature would be to omit the equally 
essential condition of atmospheric pressure. Thus, to say 
ibat water boils at 1 00** 0. is wrong ; it boils at that tem- 
peratnre under the pressure of one atmosphere ; «.«., the 
normal atmospheric pressure at the sea-level. Up a moun- 
tain the boiliog-point is different. 

Again, in the analysis of phenomena it is possible to Fallacy may 

confuse the whole or a part of the cause with the effect. TOnfuai^ 

That it is by no means easy to determine in all cases which ^tw««'»^ 

causo and 

are the determiniug, and which the determined, elements in a effect, 
complex phenomenon is illustrated by the fact that meteor- 
ologists are not agreed whether the copious and sudden 
downfalls of rain which usually attend thunder-storms are 
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Book VII. the cause or the effect of the electric discharge. The com- 
^^ ^^ mon opinion is that tbey are the effect, but Sir John Herschel 
held that they were the cause, 
or to neglect Another source of error is the neglect of the mutual 
tu^ut. ™rac- interaction of cause and effect. This interaction, of course, 
^**yof«"»«e may also lead to that confusion of cause and effect which 
we have just noticed. This again is well illustrated from 
social phenomena by a passage from Sir G. 0. Lewis. He 
says : '' An additional source of error in determining political 
*' causation is likewise to be found in the mutuality of cause 
" and effect It happens sometimes that, when a relation of 
** causation is established between two facts, it is hard to 
*^ decide which, in the given case, is the cause and which the 
*' effect, because they act and re-act upon each other, each 
" phenomenon being in turn cause and effect. Thus, habits 
" of industry may produce wealth, whilst the acquisition of 
*' wealth may promote industry ; again, habits of study may 
" sharpen the understanding, and the increased acuteness of 
" the understanding may afterwards increase the appetite for 
" study. So our excess of population may, by impoverishing 
** the labouring classes, be the cause of their living in bad 
" dwellings ; and again, bad dwellings, by deteriorating the 
" moral habits of the poor, may stimulate population. The 
*< general intelligence and good sense of the people may pro- 
*' mote its good government, and the goodness of the govern- 
**ment may, in its turn, increase the intelligence of the 
*' people, and contribute to the formation of sound opinions 
** among them. Drunkenness is in general the consequence 
** of a low degree of intelligence, as may be observed both 
" among savages and in civilized countries. But, in return, 
''a habit of drunkenness prevents the cultivation of the 
** intellect, and strengthens the cause out of which it grows. 
" As Plato remarks, education improves nature, and nature 
''facilitates education. National character, again, is both 
" effect and cause : it reacts on the circumstances from which 
** it arises. The national peculiarities of a people, its race, 
" physical structure, climate, territory, etc., form originally 
'' a certain character, which tends to create certain institu- 
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" tions, political and domestic, in harmony with that character. Book VII, 

" These institutions strengthen, perpetuate, and reproduce the ^h^i. 

"character out of which they grew, and so on in succession, 

" each new effect becoming, in its turn, a new cause. Thus 

** a brave, energetic, restless nation, exposed to attack from 

" neighbours, organizes military institutions : these institutions 

" promote and maintain a warlike spirit : this warlike spirit 

'* again assists the development of the military organization, 

"and it is further promoted by territorial conquests and 

*' success in war, which may be its result — each successive 

"effect thus adding to the cause out of which it sprung" 

(pp. cit,^ vol. i., p. 375). 
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CHAPTER VIL 

FALLACIES INCIDENT TO METHOD. 

Book V II. 186. Undue Assumption of Axioms. 

^^j — All proofs must ultimately start from certain propositions 

start from received as true without proof, as otherwise we should be 
self-evident ^^'^^^d in an infinite regress in our search for proof. It 
propoei- follows, therefore, that some propositions are of so self- 
evident a character that they must be accepted as true by 
every rational mind immediately the terms in which they 
are expressed are understood. Such propositions alone 
should be received as axioms. The laws of thought and 
the fundamental assumptions of mathematics are examples 
of true axioms. 

The determination of what are the fundamental axioms 

of all knowledge would take us beyond the limits of our 

subject into the domain of metaphysics. But it may be 

pointed out that the origin of such errors as the unjustified 

False as. assumption of axioms is to be sought in confused ideas of 

axioms^is ** the relation of thought to matter. As we have abundantly 

due to con- ggg^ Jq qu^ discussiou of induction, thought and matter are 

fusion asto . ,., -,. t e - . 1.^1 

the relation not separate and independent realms of existence, but only 
Mid mStter. two aspects of reality. We understand reality just to the 
extent to which we think the elements of the world are 
related in the way in which they are related (cf, § 141). 
The sole test of truth is the relation of any one judgment 
to the whole system of knowledge, and the establishment 
of any judgment about reality, therefore, involves a con- 
stant appeal to experience [cf. § 160 (iii.)]. Now any 
separation of thought and fact is likely to lead to a wrong 
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assnmption of axioms. On the one hand we may have the Book VII. 
assamption of the a priori philosopher that the world can Oh^L 
be deductively constructed in the study, by a development 
of certain concepts ; and on the other, that the construction 
can be attained by a passive reception of sense impressions. 

As instances of the former we may notice the tendencies 
of the Greeks to determine the nature of things from an 
examination of their names and the ideas attached to those 
names, involving the assumption that differences of language 
necessarily indicate difference of nature, and that affinities of 
language involved affinities of nature. This assumption was 
accepted without question as axiomatic. 

An instance of the latter is the assumption that the 
relations between things must correspond to the connexions 
of our ideas of them. This underlies the error of deducing 
the doctrine of causation from the psychological effect of 
association. When two events have been invariably associ- 
ated in our experience the idea of the one brings into 
consciousness the idea of the other ; but it is unjustifiable 
to assume that the events are, therefore, causally connected. 
This spurious axiom may be said to underlie the whole 
doctrine of proof by enumerative induction. 

187. Petitio Frincipii 

By a principium Aristotle means a truth which can be ^J^'^rtsT 

known of itself. Petitio principii is, therefore, committed totie meant 

when a proposition which requires proof is assumed without hutj^ktio 

proof. In other words, in this sense, the petitio principii is prindpH 
r, I. 11 ^ ■• . . - . 1 . 1 . ^^"^ means 

the fallacy of undue assumption of axioms which we have assumption 

just considered. By logicians generally the term is, how- ^usion?^'^ 

ever, used more widely to denote petitio quasiti, or the xhis may be 

assumption in some form of the very proposition to be proved, "^J^*^^"*" 

as a premise from which to deduce it. This may be done, i. The same 

Aristotle tells us, in five different ways : — ^by assuming the ^^?**" 

very proposition to be proved ; by assuming, when the con- 2. A imlver- 

elusion is particular, a universal which involves it; by Sg^; " 

assuming, when the conclusion is universal, a particular ^[^J^^^a 

involved in it ; by assuming piece by piece the proposition to in it ; 
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Book VII. be proved ; by assnming a proposition which oecessarily 
Ch^i. implicates the proposition to be proved. The assumption, 
4. The pro- it will be Seen, is in every case of the same character. The 
part by two first modes of committing the fallacy are, however, of 
5 ^roposi- *'^® greatest importance and of the most frequent occurrence, 
tionim- The direct assumption of the proposition to be proved 
^ ^ *^ would seem to be hardly possible when it is expressed on both 
sumption of occasions in the same terms. Still some people can be found 
8?on°te*made ^^^ commit it. Commenting on an attempt to square the 
possible by circle published by a Mr. James Smith in a work entitled 
Bynonymg. Nut to Crach, De Morgan says: **Mr. Smith's method of 
" proving that every circle is 3J diameters is to assume that 
" it is so, — * if you dislike the term datum, then, by hypothesis, 
'* let 8 circumferences of a circle be exactly equal to 25 
" diameters,' — and then to show that every other supposition 
*' is thereby made absurd. The right to this assumption is 
" enforced in the *Nut' by the following analogy : — *I think 
" you (I) will not dare (!) to dispute my right to this hypo- 
" thesis, when I can prove by means of it that every other 
" value of V will lead to the grossest absurdities ; unless, 
'* indeed, you are prepared to dispute the right of Euclid to 
"adopt a false line hypothetically for the purpose of a 
"reductio ad ahsurdum demonstration in pure geometry.* 
*' Euclid assumes what he wants to disprove, and shows that 
*^ his assumption leads to absurdity, and so upsets iisejf. Mr. 
*^ Smith assumes what he wants to prove, and shows that 
" his assumption makes other propositions lead to absurdity. 
" This is enough for all who can reason " (Budget of Para- 
doxes, p. 327). Such direct assumption is, however, by no 
means unusual when synonyms are used. Put symbolically, it 
being agreed that S is identical with A, and P with fi, the fallacy 
is committed when the proposition A is B is assumed as a 
premise from which to prove S is P. This is, in the strictest 
sense, *^ begging the question.'' According to the directness 
of the invalid process two sub-forms may be distinguished — 
It iBhp»teron the hysteron pi'oteron and the circulus in demonstrando. 
^hen*oniy The hystcron proteron is the case when the fallacy is com- 
inieroSceL ™i^^®^ ^^ * single stcp of inference, as * The volume of a 
involved, body diminishes when it is cooled, because the molecules 
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then become cloBer.* 'Opium induces sleep because it has BookVIL 
a soporific quality.* It is obvious that the richer a language ^^ ^^^' 
is in synonyms the more likely is a hysteron proteron to appear 
in arguments expressed in that language. Often a proposi- 
tion expressed in abstract terms is given in proof of the same 
proposition expressed in concrete terms, as when we are told 
that the loadstone attracts iron because of its magnetic 
power, or that oxygen combines with hydrogen because it 
has an affinity for it. A good instance of this form of 
fallacy was unconsciously supplied by the member of Parlia- 
ment who argued that * the bill before the House is well 
calculated to elevate the character of education in the 
country, for the general standard of instruction in all the 
schools will be raised by iV 

The fallacy may even be committed in single words, by The faUacy 
the use of what Bentham terms *' question-begging appella- ^?^^^lf 
tives," I.e., those which beg the question under the pretence *question. 
of stating it. " These," says Dr. Davis, " are potent when epfthete.' 
"laudatory, but even more so when vituperative ; as 
^* Radicals, Rebels, and most political catch-words. The 
"word innovation' having acquired a bad sense, the 
*^ admission, which is unavoidable, that a new measure is an 
" innovation is always construed to its disadvantage '' (Theory 
of Thought, p. 284). 

It must not be supposed that it is difficult to fall into this Eyen a 
fallacy unintentionally, or that only persons of untrained SJ^^^ay 
minds can commit it Galileo accuses Aristotle himself of ^ the 
having committed it in the following argument :— • The ^^^ "* 
nature of heavy things is to tend towards the centre of the 
universe, and of light things to fly from it ; experience 
proves that heavy things tend towards the centre of the 
earth and that light things fly from it ; therefore, the centre 
of the earth is the centre of the universe.* But Aristotle 
could only say that heavy things tend towards the centre of 
the universe by assuming that centre to be identical with the 
centre of the earth, which is the very proposition he under- 
takes to prove (cf. Port Royal Log.^ p. 249). 

Pat symbolically, the hysteron proteron takes either the 
form $ is P, $ is P. /. $ is P; or $isP,8 is 8, .-. $ is P. An 
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examination of the latter shows that whenever a definition 
is used as a premise in an argument meant to be demonstrative, 
the question is begged ; and this Aristotle distinctly points 
out. For if we argue — * Every rectilinear three-sided figure 
has its angles equal to two right angles, Every triangle is a 
rectilinear three-sided figure, Therefore, every triangle has 
its angles equal to two right angles/ there is no proof. The 
major premise assumes the very point to be proved, for the 
minor premise does nothing but tell ns how such a figure is 
named. Of course, such a use of a definition is permissible 
in explanations, though the form may be the same as the 
above ; for when no demonstration is offered, no begging of 
the question is possible. 

The drculus in demonstrando or reasoning in a circle is when 
the assumption of the conclusion as a premise is separated by 
a greater or less interval from its statement as a conclusion. 
It may be symbolically expressed thus : — M is P, 8 is M,.\8isP; 
8 isPfM is8,\M is P, Of this Whately gives a good example : 
" Some mechanicians attempt to prove, (what they ought to 
" lay down as a probable but doubtful hypothesis), that every 
** particle of matter gravitates equally ; * Why ? * Because 
"those bodies which contain more particles ever gravitate 
^ more strongly, i,e,, are heavier : * But (it may be urged) 
" those which are heaviest are not always more bulky '; *No, 
*^ but still they contain more particles, though more closely 
" condensed'; * How do you know that ?' * Because they are 
•* heavier' ; • How does that prove it ?' ' Because all particles 
" of matter gravitating equally, that mass which is specifically 
" the heavier must needs have the more of them in the same 
"space*" (Logic, p. 225). In illustration of this fallacy 
Hamilton says : "Plato, in his Fhcsdo (p. 78), demonstrates 
" the immortality of the soul from its simplicity ; and, in 
" the Republic (Bk. x., p. 611), he demonstrates its simplicity 
" from its immortality '' {Lectures on LogiCy vol. ii., p. 55). 

The second mode of committing petitio piincipii is when 
a universal which involves the particular proposition to be 
proved is assumed. Here, there is no formal syllogistic 
fallacy. Tbe argument takes the form of a valid syllogism 
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in Barbara. But it is an offence against the principles of Book VII. 

Method, as the proposition assumed is one which needs c^;_^li- 

proof quite as much as that which is inferred from it. 

This is the most accurate sense in which the term peHtio 

principU is applied. A principium, as was said above, was with tiie 

a self-evident truth ; and the true petitio principii was the J£^^'^t 

assumption of some proposition of inferior rank as such a the undue 

principle. This was the sense in which the term was used S^J^Soma!' 

by the scholastics. As De Morgan points out : " The 

"philosophy of the time consisted in a large variety of 

" general propositions (principles) deduced from authority, 

"and supposed to be ultimately derived from intrinsic 

" evidence, self -known, or else by logical derivation from 

^ such principles. These were at the command of the dis- 

" putant, his opponent could not but admit each and all of 

" them : the laws of disputation received the assent which the 

" geometer requires for his postulates. Except when, now 

*'and then, literary society was shaken to its foundations 

*' by a dispqte which affected any of them, as a nominalist 

"controversy, or the like moral earthquake. The most 

"frequent syllogism was one which, having the form 

" Barbara, had a principium for its major and an eosemplum 

" for its minor : as in ' All men are mortal (principium) ; 

" Socrates is a man (exemplum) ; therefore, Socrates is a 

" mortal.* The petitio principii^ then, occurred when any- 

" one, to prove his case, made it an example of a principle 

" which was not among those received, without offering to 

" bring the former under the logical empire of the latter ** 

(Form, Log.f pp. 256-7). Of course, such a body of fixed and 

axiomatic principles, incapable of being added to, is not 

the basis of modem philosophy. But still, as was said 

above (see § 186), some truths must be accepted as not 

requiring proof, or all proof would be impossible, as there 

would be no starting point for the process. Petitio principii 

is, then, not committed whenever a proposition is assumed 

without proof, but when the proposition thus assumed is 

one which needs just the same kind of proof, bearing on 

just the same point, as the proposition which is to be 
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Book VII. 

Ch.VII. 



y^Tftinpiflff. 



To assume 
the particu* 
lar to prove 
the univer- 
sal is of the 
nature of 
illicit enu* 
merative 
generaliza- 
tion. 



To assume 
the conclu- 
sion piece by 
piece is equi- 
valent to 
assuming it 
as a whole. 



deduced from it. " Sound probation," says Dr. Davis, 
" must depart from snch principles as are either immediately 
<*' given as ultimate, or mediately admit of proof from other 
^ sources than the proposition itself in question " (op. cit, 
p. 288). As examples of this form of the fallacy we may 
give : * His cowardice may be inferred from his cruelty, for 
all cruel men are cowards ' ; * A table of logarithms must 
be entertaining, for all books are so.* A striking example 
is found in the First Chapter of Mr. Spencer's Education, 
After stating that "acquirement of every kind has two 
"values — rvalue as knowledge and value as discipline^" Mr. 
Spencer goes on to discuss the value of different subjects 
from the point of view of knowledge. He then turns to 
the disciplinary value of studies, and commences his dis- 
quisition with the following flagrant peiitio : — "Having 
"found what is best for the one end, we have by implica- 
" tion found what is best for the other. We may be quite 
" sure that the acquirement of those classes of facts which 
" are most useful for regulating conduct, involyes a mental 
'^ exercise best fitted for strengthening the faculties. It 
"would be utterly contrary to the beautiful economy of 
" Nature^ if one kind of culture were needed for the gain- 
"ing of information and another kind were needed as a 
" mental gymnastic." 

It is this mode of the fallacy which is referred to when 
it is said that the syllogism is Kpetitio principii {see § 139^). 

The other modes of petiHo principii are not of much im- 
portance. The third mode— of assuming the particular to 
prove the uniyersal which involves it — ^is of the nature of a 
generalization from simple enumeration. "Aristotle him- 
"self seems to be guilty of this when he maintains that 
"slavery is in accord with natural law, on the ground that 
"the neighbouring barbarians, being inferior in intellect, 
"are the bom bondsmen of the Greeks'* (Davis, op. ctt, 
p. 289. See Aristotle, Politics, i. 2). 

The fourth mode is only a variety of the first. Thus, to 
take Aristotle's example, when in trying to show that the 
healing art is knowledge of what is wholesome and un- 
1 First Edition, § 156. 
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wholesome, it is successively assumed to be the knowledge Book VII. 
of each. ^^^^^ 

The fifth mode is when a proposition which is in reci- Thequestion 
procal relation to another proposition is assumed as a means begged by 
of proving the latter. Aristotle's example is the assump- Jl^"™^^* 
tion that the side of a square is incommensurable with the proposition. 
diagonal when the proposition to be proved is that the 
diagonal is incommensurable with the side. Other examples 
are : London is north of Brighton, therefore, Brighton is 
south of London ; Philip was the father of Alexander, 
therefore, Alexander was the son of Philip ; ' Everywhere 
the light of life and truth was lacking, for darkness covered 
the earth, and gross darkness the people.' In all these 
cases we have obviously no passage of thought ; it is the 
same judgment which is expressed in different words ; nor 
does the new expression unfold any meaning which was 
previously implicit. 

188. Ignoratio ElenchL 

By an elenchus — i.e., a refutation — Aristotle meant a igim-atio 
syllogism with a conclusion contradictory of the thesis to proving the 
be refuted. The ignoratio elenchi was then applicable only ^«>pfir con- 
to disputation, and consisted in arguing beside the mark, 
in answering to the wrong point, in establishing a pro- 
position which did not' overthrow the origiaal thesis. But 
the scope of the fallacy may well be extended — as it usually 
is by modern logicians — to include all cases in which instead 
of the required conclusion, a proposition which may be 
mistaken for it is established. This might appropriately 
be called ignoratio or mutatio conclusionis. In every case 
the error consists in proving the wrong point. It is thus 
a violation of the fifth general rule of method (see § 164). 
As an example of ignoratio elenchi we may take the common 
argument against a classical education that ^* throughout his 
" after career, a boy, in nine cases out of ten, applies his 
"Latin and Greek to no practical purposes" (Spencer, 
Education, Ch. I.). This is to ignore the fact that the 
advocates of a classical education do not claim that Latin 
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Book VII. and Greek are of direct nse in practical life. What they 
ciL^iL ^Q ^jj.gg jg ^^^^ ^jjg study of the classics furnishes an un- 
rivalled mental training ; and it is this proposition which 
a true elenchus must disprove. 
Thig fallacy No fallacy is more common or more easily fallen into 
^jrorycom- ^.j^^^ ignorotio. Anyone who has had experience of dis- 
putations and debates knows how constantly recurrent is 
the tendency to waiider from the real point at issue, espe- 
cially when the subject under discussion is a wide one, and 
how necessary it is for a speaker occasionally to begin his 
remarks by reminding the disputants what the question 
under discussion really is. This tendency must be guarded 
against especially when any practically important results 
flow from the conclusion reached. Thus, as De Morgan 
tells us : " The pleadings in our courts of law, previous to 
"trial, are intended to produce, out of the varieties of 
** statement made by parties, the real points at issue, so that 
" the defence may not be ignoratio elenchi^ nor the case the 
"counter fallacy . . . ignoratio conclusionis. If a man were 
" to sue another for debt, for goods sold and delivered, and 
"if the defendant were to reply that he had paid for the 
" goods furnished, and plaintiff were to rejoin that he could 
" find no record of that payment in his books, the fallacy 
"would be palpably committed. The rejoinder, supposed 
" true, shows that either defendant has not paid, or plaintiff 
" keeps negligent accounts ; and is a dilemma, one horn of 
" which only contradicts the defence. It is plaintiff's business 
"to prove the sale from what is in his books, not the 
"absence of payment from what is not, and it is then 
" defendant's business to prove the payment by his vouchers " 
(op. cU.j p. 260). 
The fallacy This leads on to that form of the fallacy which consists in 
whSn the throwing the burden of proof on the wrong side. Proof of 
proof to °' an assertion should generally be given by the person who 
thrown on makes that assertion, and to endeavour to transfer to an 
aideT^"* opponent the task of proving the negative of that assertion 
is an ignoratio elenchi. It is often said that it is difficult, if 
not impossible, to prove a negative. And this is true so long 
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as the negatiye is a bare denial. But the establishment of Book VII. 
every positive proposition proves a number of negatives. Ch^i. 
If, then, the number of possible alternatives are few, the 
proof of any one of them negates all the others. This prin- 
ciple is adopted in law. " For instance, a homicide, as such, 
"is considered by the law as a murderer unless, failing jusii- 
"fication, he can prove he had no malice. . . . The case 
'* stands thus :— the alternatives are few, so that proving the 
*' negative of one, which the accused is called on to do, can 
"be done by proving the affirmative one out of a small 
" number. There is but malice, heat of blood, misadventure, 
" insanity, etc., to which the action can be referred. Of these 
" few things it is easier for the accused to establish some one 
'* out of several, above all when motive is in question (of 
" which only himself can be in possession of the most perfect 
" knowledge), than it is for the prosecutor to establish a 
" particular one. Another principle on which he is called on 
" to establish a negative (or rather another positive) is that 
" the burden of proof fairly lies on the one to whom it will 
" be by much the easiest " (De Morgan, ibid., p. 261). 

One form of the fallacy is to confuse objections against the To regard 
thesis proposed with its disproof. Especially is this likely SwessarUy*^ 
to be committed when the question at issue is some pro- 1'*-^ ^,\^ 

,, ..iiA.i .- form of the 

posed change, say in the law. Against most reforms some fallacy, 
objections can be urged, but to treat these as necessarily 
fatal is an ignorcUio elenchi; the point to be established is 
that those objections outweigh the reasons for the proposed 
change, and simply to point out their existence is entirely 
beside the mark. One common specimen of this form of the 
fallacy is to object to a certain conclusion as tending to 
estabUsh a position deemed undesirable. Here we have what 
De Morgan calls " the great fallacy of all, the determination 
"to have a particular conclusion, and to find arguments for 
" it" (ibid,, p. 264), coming into play. The conclusion being 
fore-ordained, all arguments which make against it are refused 
a hearing. 

Another form of the &llacy is to prove, or disprove, part 
of what is required, and to dwell on that to the exclusion of 
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Book VII. the remainder. Thus, if one disputant sapports a conclusion 
^^lX?^' by weak arguments, his opponent may confine himself to 
To treat part showing the weakness of his arguments, and leave his readers 
ciuaioiTM or hearers to infer that, consequently, the conclusion drawn 
the whole is from those arguments is false. The handle thus given to the 

to commit , ,_®, . • . xi. l' ji 

the fallacy, enemy should be a warning against the practice of urging 

bad arguments in support of a good cause. 
An extreme A more extreme case of the same mode of committing the 
is to TOD* uM fallacy is the taking exception to a mere illustration or part 
an lUustni- of an illustration, which has no essential connexion with the 

tion with the ' 

conclusion, point in dispute. The very use of illustration at all is liable 
to be an ignoratio elenchi. For an illustration is intended to 
make some point of difficulty clearer and easier of compre- 
hension to the hearer or reader. But the user of the illus- 
tration may mistake the point which will need elucidation, 
and may illustrate the wrong point. And there may equally 
be an ignoratio on the part of the pupiL As De Morgan says : 
' " The greatest difficulty in the way of learners is not know- 
"ing exactly in what their difficulty consists ; and they are 
*'apt to think that when something is made clear, it must be 
*' the something " (ibid., p. 266). And he rightly goes on to 
point out the danger incident to the use of concrete examples 
in the study of the rules of formal inference. " If the 
*' student receives help from an example stated both in 
*^ matter and form, the odds are that the help is derived from 
" the plainness of the matter, and from his conviction of the 
** matter of the conclusion. . . . The right perception may, 
*^ no doubt, be acquired by reflection on instances ; but the 
"minds which are best satisfied by material instances are 
" also those which give themselves no further trouble " (ibid., 
pp. 266-7). The use of illustrations is also liable to the 
fallacy in another way — the person to whom it is addressed 
may not see the analogy of the matter. 
To subsU- One common and most objectionable form of ignoraUo 
forargu-"^ cUncM is summed up in the advice to counsel : * No case ; 
™mmitth *^°^® *^® plaintiff's attorney.' Discussions, especially on 
fallacy. subjects of real practical importance, such as politics and 
religion, are not usually conducted entirely in oold blood. 
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Prejudice and even bad faith lead members of one party to Book VIL 

attribute all kinds of base motives to their opponents, and J * 

to discount all the statements they make. " The testimony 
" is, in the receiver's mind, of a low order ; the proposer is a 
" radical, and the receiver is of opinion that a radical would 
" pick a pocket : or else, perhaps, the proposer is a tory, and 
" the receiver is of the belief that a tory must have picked a 
"pocket" (De Morgan, ibid.^ p. 263). But it must be re- 
membered that abuse is not argument, and that to prove any 
amount of ill conduct against the proposers of a certain 
measure or the maintainers of a certain proposition will not 
prove the measure unwise or the proposition untrue. 

Closely allied to this form of the fallacy is the argumentum other forms 
ad hominem, or the tu quoque — you're another — style of argu- eimcu are— 
ment. All recrimination, all charges of inconsistency, are of ijSnSion: 
this character, unless indeed the very point in dispute is 
personal character or consistency. But when a statesman 
brings forward a certain measure it is no objection to that 
measure to point out that he has hitherto opposed it. Very 
often, indeed, when a disputant tries to turn his opponent's 
former arguments against himself, it is not, as De Morgan 
says, " absolutely the same argument which is turned against 
'* the proposer but one which is asserted to be like it, or 
"parallel to it. But parallel cases are dangerous things, 
"liable to be parallel in immaterial points, and diverge in 
" material ones " (ibid., p. 266). 

A sub-form of this species of the fallacy is the argumentum Argumentum 
ad baculum. As Mr. Stock remarks : ** To knock a man 
" down when he differs from you in opinion may prove your 
" strength, but hardly your logic " {Deductive Logic, p. 313). 

Another form of ignoratio is the argumentum ad populum, Argumentum 
or appeal to popular passion or prejudice. The following ^^ p^p^^^'^ 
*' argument ' against a literary education appears to us to be 
a striking instance : " When a mother is mourning over a 
" first-born that has sunk under the sequelsB of scarlet-fever 
" — when perhaps a candid medical man has confirmed her 
" suspicion that her child would have recovered had not its 
"system been enfeebled by over-study — when she is pros- 

LOG. IL 19 



Digitized 



by Google 



290 FALLACIES. 

Book VIL " trate under the pangs of combined grief and remorse ; it is 
Ch^^vil. «|3ut small consolation that she can read Dante in the 
"original" (Spencer, Education, Ch. I.). 
Argummtum Closely allied to this is the argummtum ad ignorantiamf 
^ignoran- ^hich consists in trusting that the ignorance of the hearer 
will lead to the acceptance as proved of statements which 
are by no means proved. And this is frequently allied with 
Arguntentum the argumentum ad verecundiam or appeal to a respected 
^^^mereeun- q^^^^q^^j^ < Yoxji should accept this conclusion, or advocate 
this measure, because so-and-so supports it ' is an ignoratio 
elenchi not infrequently heard in political life. This, as we 
have already seen, also involves a fallacy of illicit generaliza- 
tion [see § 185 (i.)]. Undue respect for authority leading to 
a neglect to examine the evidence for and against a given 
proposition is not a state of mind favourable to the detection 
of fallacy. 

(ii.) Non Cansa pro Causa. 

Non causae The nature of this fallacy has been very frequently mis- 
"*^°' understood through the ambiguity of the word causa. In 
modern phraseology the word * cause' is almost always re- 
stricted to the causa essendi. But in the title of this fallacy 
Aristotle and his scholastic followers restricted it to the causa 
cognoscendi [see § 144 (i.)]. The fallacy is, therefore, not an 
inductive one ; in other words it is not concerned with the 
determination of fact but wi'jh the justification of a judgment. 
" We mistake," says Aristotle, ** for a cause what is not a 
'* cause [i,e, for a reason what is not a reason] when an 
" irrelevant proposition has been foisted into an argument 
** as if it were one of the necessary premises " (De Soph., V.). 
In the Analytica Pnora^ Aristotle termed the same fallacy 
Non per hoCy or Non propter hoc. Its essence consists in ** the 
"pretence that the proposition we wish to refute is the 
** cause, in a reductio ad impossibile, of the false conclusion 
«* which in fact flows from other premises ; that is, the 
" sophism consists in maintaining that the conclusion is false 
" because that particular premise is false ** (Davis, Theory of 
Thought, p. 290). 
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The nature of the fallacy is clearly explained by Grote. ^^h^vi?^' 
He says : " When you intend to refute a given thesis by - — 
*^ showing, that, if admitted, it leads to impossible or absurd foisting wa 
" conclusions, you must enunciate that thesis itself among ?^°f^^^^ 
^*the premises that lead to such absurdities. But, though proof T^erim- 
** enunciated in this place, it may often happen that the ^^***''*^* 
** thesis may be an unnecessary adjunct — not among the 
** premises really pertinent and essential : and that the im- 
" possible conclusion may be sufficiently proved, even though 
** the thesis were omitted. Still, since the thesis is declared 
** along with the rest, it will appear falsely to be a part of the 
" real proof. It will often appear so even to yourself the 
** questioner ; you not detecting the fallacy. Under such 
** circumstances the respondent meets you by Non propter hoc, 
"He admits your conclusion to be impossible, and at the 
" same time to be duly proved, but he shows you that it is 
" proved by evidence independent of his thesis, and not by 
"reason or means of his thesis. Accordingly you have 
" advanced a syllogism good in itself, but not good for the 
" purpose which you aimed at ; viz., to refute the thesis by 
"establishing that it led to impossible consequences'' 
(Aristotle^ p. 389). The fallacy can be detected by trying 
whether the premise in question can be omitted without 
interrupting the sequence of the argument. If it can, the 
fallacy has been committed. Of course, the superfluous 
premise may have been tacitly assumed, as in the example 
Aristotle himself gives : * We assume that the opposite of 
destruction is generation ; therefore, the opposite of a par- 
ticular destruction is a particular generation ; but death is a 
particular destruction and its opposite is life ; therefore, life 
is generation, and to live is to be generated. This is absurd. 
Therefore, life and soul are not identical.* Here the premise 
^Life and soul are identical' is tacitly assumed) and its con- 
tradictory stated as the conclusion of the argumentum ad 
absurdum. 

Under this head, Aristotle includes not only cases in which 
the argumentum ad absurdum is employed, but all cases in 
which a conclusion is drawn from a premise which does not 

19—2 
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Book YII. necessitate it. In the Analytica Pi*iora, he says : '^ The most 

^•^ ^^^' "obvious case of the irrelevance of the thesis to the con- 

The irreie- *♦ clusion is when the thesis is not connected by any middle 

whehused "term with the conclusion" (ii., 19). It thus appears that 

SvoivaSmr ^^^^ fallacy involves, at any rate in some instances, the formal 

terma. syllogistic fallacy of four terms. But when it is considered 

generally, its essential connexion with proof by reductio ad 

impossibUe classes it more appropriately as a fallacy incident 

to method. 
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ii. 107-8 
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Mach : on cause and effect, ii. 26 

on hypotheses, ii. 90-1 

on mechanical theory of 

universe, ii. 209-10 
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on unity of nature, ii, 9-10 
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247 
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ii. 567-8 
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Ill 
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182-7 
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term, i. 277-9 

illicit process of, i. 

292-3 ; ii. 236 ; 259 
Mal-observation : fallacies of, ii. 

234; 265-7 
Mains: discovery of laws of 

crj'stallization, ii. 65 
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i. 96-7 

on diagrams in logic, i. 216 
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105-6 
Material element in division, i. 

125-6 

obversion, i. 254-5 

of thought, i. 1-2 

or Applied liOgic, i. 20-3 

view of Logic, i. 18 
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Means : Method of, ii. 183-5 
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error in, ii. 163-5 

importance of, ii. 160-1 

instruments for, ii. 183 

limitations of accuracy, ii. 

161-3 
Mechanical theory of universe, 

ii. 209-10 
Mediate inference, i. 15. 
Membra dividentiaf i. 123 
Metaphors: fallacies due to, ii. 

268-70 
Metaphysical analysis, i. 126 

universals, i. 171 

Metaphysics, relation to Logic, i. 

25-6 
Method, i. 15; ii. 211-26 

defects of, ii. 225-6 

definition of, ii. 211 

general rules, ii. 214-8 

kinds of, ii. 211-4 

of induction, ii. 58-60 

scope of, ii. 211 

Middle term, i. 277-9 

undistributed, i. 291-2 ; ii. 

236; 259 
Mill, J. S. : axioms of syllogism, 

i. 286 
classification of fallacies, ii. 

233-6 
controversy with Whewell, 

ii. 45 ; 48-51 

doctrine of: analogy,ii.79-80 

causation, ii. 16-0; 43-4 

induction, ii. 40-8 

syllogism, i. 402-7 

uniformity of nature, 

ii. 5-8 ; 42-3 

experimental methods : aim 

of, ii. 151-2 

basis of^ ii. 147-8 

canons of, ii. 141-4 

character of, ii. 148-61 

claims made for, ii, 

146-7 
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inability to yield proof, 

ii. 152-5 

real functions of, ii. 
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ism, ii. 242-3 ; 247 
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on Aristotle's categories, i. 
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on axioms, ii. 202-5 

on conception, i. 16 

on connotative abstract 

names, i. 74 

on education and discontent, 

ii. 272-3 
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on experimental sciences, ii. 

212 

on fallacies of observation, 

ii. 261 ; 262 ; 264-5 ; 266 

on function of hypotheses, 

ii. 83 
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tion, ii. 192 

on * imperfect ' induction, 

ii.41-2 
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141-2 

on inductive method, ii. 

83-4 

on inference from particu- 
lars, i. 402-6 ; ii. 44 ; 
192 

on Kepler's inductions, ii. 

45-6 

on mathematical inductions, 

ii. 46 

on nature of generalization. 

ii. 192 

on necessary truths, ii. 

20-5 

on nominal and real defini- 
tions, i. 119 

on order of nature, ii. 109 



Mill, J. S. : on * perfect ' induc- 
tion, ii. 41 

oil predication, i. 209-10 

on scope of Logic, i. 18 

on imiformities of co-ex- 
istence, ii. 47-8 

on validity of syllogism, i. 

405-6 

on vera cama, ii. 93 

scheme of categories, i. 

101-3 

two theories of inference, ii. 

44-8; 83-4 
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term, i. 277-9 

illict process of, i. 292 ; 

ii. 236 ; 259 

Mixed syllogisms, i. 362-86 {see 
Syllogisms) 

Mnemonic lines, i. 322 ; 353-5 

Modal particular judgments, i. 
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Modality, i. 192-5 
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tollensy i. 365-70 

* Money,' ambiguity of, ii. 240 
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in mixed hypothetical syllo- 
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gisms, i. 350-1 
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names of, i. 322 ; 365-6 

of First Figure, i. 324-30 

of Fourth Figure, i. 337- 
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of Second Figure, i. 330-3 

of Third Figure, i. 333-7 

subaltern, i. 323-4 

Moral universals, i. 170-1 

Mntatio conclinsionis, ii. 286 
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definition of, i. 41 
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experiment, ii. 116-7 

kinds, i. 83 ; 136 

Necessary propositions, i. 193 

truths, ii. 200-7 

Negation, basis of, i. 162 
Negative definitions, i. 118 

experiments, ii. 118-20 

instances in analogy, ii. 

80-2 

observation, ii. 112-3 

premises, i. 293-7 

propositions, i. 161-3 
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Neptune, discovery of, ii. 66 
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39-40 
experiments on laws of 
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on hypotheses, ii. 39-10 

rules of philosophizing, ii. 

92-5 

scientific caution of, ii. 88 
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Nominal definitions, i. 118-20 
Nominalism, i. 16 ; 17 
Nominalist view of Logic, i. 17 
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Non pel' hoe, ii. 290 
Non propter- hoCy ii. 290 ; 291 
Notanota, i 286 
Numerically definite proposi- 
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Objective view of Logic, i. 18 
Observation: fallacies in, ii. 234 ; 
236 ; 261-7 

nature of, ii. 109-14 

relation to experiment, ii. 

114-7 
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271-3; 274 
Obvertend, i. 251 
Olszewski: experiments on argon, 

iL 138-9 
Opposite terms, i. 70-1 
Opposition: contradictory, i. 232- 

4; 245; 246-7 
contrary, L 234-6; 245; 

246-7 

definition of, i. 227 ; 228 

fallades in, ii. 235 ; 254-5 

kinds of, i. 228-9 

of categorical propositions. 

i. 228-44 
of disjunctlTO propositions, 

i. 246-7 
of hypothetical propositions, 

i. 244-6 

square of, i. 239-40 

subaltern, i. 229-32 ; 245 ; 

246-7 
sub-contrary, i. 236-9 ; 245- 

6 

summary of, i. 241-4 

Origin of hypotheses, ii. 62-82 

of logic, i. 10 

Ostensive reduction, i. 355-8 

Paradox, ii. 228-9 
Paralogism, ii. 228 
Parsimony : law of, L 189 ; 291 
Particular propositions, i. 167-9 
Partitive conversion, i. 256 
Pearson, K. : on causation, ii. 15 
Pendulum : laws of, ii. 130-1 
Perfect definition, i. 121 

induction, ii. 33 

Fctitio princtpii, ii. 224; 232; 
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and syllogism, i. 405-9 
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on rules of method, ii. 215 

rules of synthesis, ii. 221-2 
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Porphyry's scheme of, i. 80-8 
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220-1 
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i. 211-4 

material view of, i. 18 
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predicative view of, i. 158- 
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view of, i. 200-7 
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169-71 
Premises, i. 14; 277-80 
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Principle : definition of, i. 1 1 
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Principles of Thought, i. 30-9 
229 ; 232 ; 234-5 ; 236-7 ; 251 
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262-4 
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in, i. 172-8 
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i. 171-3 
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Hamilton's scheme of, 
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i. 173 

obversion of, i. 251-5 
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preindesignate, i 169- 

71 



Propositions, categorical : quality 
of, i. 161-8 
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relation to disjunctive, 

i. 190-2 
'■ — relation tohypothetical, 

i. 184-6 
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grams, i. 215-24 
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subaltemation of, i. 

229-32 
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236-9 

synthetic, i. 88 ; 160-1 
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diagrammatic representa- 
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i. 187 

eductions of, i. 274 
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modality of, i. 192-5 

Propriumt »• 79 ; 80 ; 84-5 

Pro-'yllogi^m, i. 391 

Piosyllogistic chains of reason- 
ing, i. 392 ; 400-1 ; ii. 212-4 ; 
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Quadruped, logical, i-. 259 

Qualitative analysis: character of, 
ii. 121-2 

examples of, ii. 122-41 
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and thought, ii. 2-3 

Empiricist view of, ii. 1-2 
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existence, i. 359-60 

direct, i. 355-8 
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80 



19 



Digitized 



by Google 



INDEX. 



Residual phenomena, ii. 65-6 
liesidues : Method of, ii. 143 ; 
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221 

of dtmonstration, ii. 222 

of division, i. 127-9 
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i. 12 
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Selection of the idea, ii. 52 
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methods, ii. 153 
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Simplification of theory, ii. 51 ; 
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Singular propositions, i. 163-4 
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Sophism, ii. 228 ; 231-2 
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232 
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Sorites : Aristotelian, i. 393-7 

definition of, i. 393 

fallacy of, i. 399-400 

figure of, i. 398-9 

Goclenian, i. 393 ; 394-6 ; 
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history of, i. 399 

kinds of, i. 393-6 

rules of, i. 396 ; 397 

Specialization in language, L 8-9 
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S(^uare of opposition, i. 239-40 
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200 
Sock : diagrammatic representa- 
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dilemmas, i. 383 
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246-7 
Sub-contrariety, i. 236-9 ; 245-6 
Sub-division, i. 124 
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Subordinate clauses, i. 177 
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Sufficient Reason : principle of, 

i. 37-8 ; ii. 1 ; 28-30 
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i. 316-22 
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represintation by dia- 
grams, i. 341-7 

rules t.f, i. 287-304 

strengthened, i. 322-3 

weakened, i 323-4 
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chains of reasoning, i. 390- 

401 
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. enthjmemes, i. 387-90 (sec 
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400-1 {see Epicheiremas) 
fallacies in, i. 291-3 ; ii. 

236 ; 259-60 

form of, i. 276 

kinds of, i. 280-1 

matter of, i. 276 ; 277 

mixed disjunctive : basis of, 

i. 371 

canon of, i. 372 

forms of, i. 371-5 

in wider sense, i. 375 

reduction of, i. 373-4 

mixed hypothetical : basis 

of, i. 363 

canon of, i. 365 

character of, i. 362-3 

moods of, i. 363-70 

reduction of, i. 370 

nature of, i. 275-81 

premises of, i. 277-80 
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rules of, L 305 

pure hypothetical : figures 
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reduction of, i. 360-1 

rules of, i. 304-5 
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402-5 

validity of, i. 405-9 
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of Identity, i. 410 

of Space, i. 411 

of Subject and Attribute 

i. 410 
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analogy, ii 76-8 
Terminology, i. 150-3 
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abstract, i. 72-5 

analogous, ii. 268-9 
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collective, i. 49-50 
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connotation of, i. 51-7 ; 60-4 

contradictory, i. 65-70 

contrary, i. 70-1 

definition of, i. 16 ; 40-1 
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• singular, i. 45-7 
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Tetralemma, i. 376 



Theories of Causes, ii 52 
Theory: and Fact, ii. 2-3; 11; 

49 

definition of, ii. 105 

simplification of, ii. 51 ; 
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Third Figure : axiom and spe ial 

lules of, i. 303 

characteristics of, L 814 

moods of, i. 333-7 

Thomson : axioms of syllogism, 

i. 284 

on dilemmas, L 383 

scheme of categories, i. 100 

Thought : activity of, ii. 3-5 
and things, i. 1-2 ; ii. 2-3 ; 

11; 49 

form and matter of, i. 21 

laws of, i. 30-9 ; 229 ; 232 

234-5 ; 236-7 ; 251 ; 256 

261; 282-3; 315-9; 363 

371 {see Latos of Thought) 

validity of, i. 11-2 

Tot urn divisurrit i. 123 

Tree of Porphyry, i. 86-7 ; 132 

Trilemma, i. 376 

Truths : necessary, ii. 200-7 

Tu quoquet ii. 289 
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i. 32-3 

on circular definition, i. 

116-7 

on crucial instances, ii. 102 

on dilemmas, i. 383 

on hypotheses, ii. 90 

on inference from negative 

premises, i. 296-7 

on nominal and real defini- 
tions, i. 119 ; 120 

on relative value of conclu- 
sions, i. 319 

on syllogistic reasoning : in 

mathematics, i. 325 

in physics, i. 326 

Undistributed Middle, i. 291-2 ; 
ii. 236 ; 259 

Uniformity of nature, ii. 5-9 
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Unity of nature : ii. 5-10 ; 209-10 

mean'n^ of, ii. 8-9 

origin of, ii. 5-8 

scope of, ii. 9-10 

Universe : mechanical theory of, 

ii. 209-10 

of discourse, i. 59-60 

Universal element in deductive 

reasoning, i. 402-5 

grammar, i. 28 

propositions, i. 164-7 ; 

181-4 ; 190 ; 192 
Uni vocal terms, i. 44 
Use of definition, i. 107-8 

of diagrams, i. 215-6 

of division, i. 125 

of Logic, i. 13 ; 24 

of reduction, i. 352-3 

* Utter,* ambiguity of, ii. 239 

Validity of syllogism, 1. 405-9 

of thought, i. 11-2 

Value of figure, L 312-5 
Vegetable mould : formation of, 

ii 124-7 
Venn: diagrammatic representa- 
tion of propositions, i. 220-2 
diagrammatic representa- 
tion of syllogisms, i, 346-7 

on denotation, i. 58 9 

on generalization, ii. 191-2 

on logic of relatives, L 410 

on modality, i. 193-4 

on universe of discourse, i 59 

Vera caM«o, ii. 93-5 ; 98 
Verbal definition, i. 118-20 

language, i. 2-3 

proposition, i. 88 ; 160-1 

Voltaic pile : source of power in, 

ii. 131-3 

Wallace : on origin of beauty of 
flowers, ii. 123 

on varieties of melons, ii. 80 

Weakened syllogisms, i. 323-4 
Wells: investigations into dew, 
ii. 144-5 



Whately . axioms of syiiogieni, 

i. 283 
on circular reasoning in 

physics, ii. 282 
on classification of fallacies, 

ii. 230-1 ; 232-3 

on dilemmas, L 381 

on universality of syllogism, 

i. 409 

view of analogy, ii. 75 

Whewell ; controversy with Mill, 

ii. 45 ; 48-51 
doctrine of induction, ii. 48- 

53 
on application of theory of 

gravitation, ii. 100 
on character of scitntific 

mind, ii. 87 
on circular polarization, ii. 

100-1 
on classification by type, i. 

144 

on definition, i. 112 

on diagn« sis, i. 144 

on fact and theory, ii. 49 

on inaccurate observation, 

ii. 85 
on Kepler's inductions, ii. 

45-6 

on Newton's Rules, ii. 95 

on nomenclature, i. 146 ; 

148-50 
on Ptolemaic hypothesis, ii 

89 

on scope of Logic, i. 18 

on simplicity of hypothesis, 

ii. 108 
on suggestion of hypothesis, 

ii. 66 

on tentative hypotheses, il. 86 

on terminology, i. 150-3 

on test of hypotheses, ii. 100 

on vera causa^ ii. 94 

prediction of absence of tide, 

ii. 101 
Words : classification of, i. 42-3 
World as unity, ii. 4-10 ; 209-10 
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